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STATUTES OF AUTHORIZATION 


There shall be a Hydrographic Office attached to the Bureau of Navigation in 
the Navy Department, for the improvement of the means for navigating safely 
the vessels of the Navy and of the mercantile marine, by providing, under the 
authority of the Secretary of the Navy, accurate and cheap nautical charts, smling 
directions, navigators, and manuals of instructions for the use of all vessels of the 
United States, and for the benefit and use of navigators generally (R. S. 431). 

The Secretary of the Navy is authorized to cause to be prepared, at the Hydro- 
graphic Office attached to the Bureau of Navigation in the Navy Department, 
maps, charts, and nautical books relating to and required in navigation, and ‘to 
publish and furnish them to navigators at the cost of printing and paper, and to 
purchase the plates and copyrights of such existing maps, charts, navigators, sail- 
ing directions, and instructions, as he may consider necessary, and when he may 
deem it expedient to do so, and under such regulations and instructions as he may 
prescribe (R. S. 432). 

2 


NATHANIEL BOWDITCH (1773-1838) 


‘ Nathaniel Bowditch was born on March 26, 1773, at Salem, Mass. Circum- 
stances forced him to educate himself in spare time after he was 10 years old, which 
he did with such zeal and ability that at the age of 21 he was dinuenally well informed 
and an outstanding mathematician. 

In 1795, Bowditch went to sea on his first of four voyages as supercargo and 
captain’s writer. A fifth voyage he made as master and part owner of a ship, re- 
turning to Salem in 1803, to retire to his studies and the insurance business. __ 

Early during these voyages, Bowditch became keenly interested in navigation 
and missed no opportunity to take observations of and to study the movements of 
celestial bodies. The most recent volume on navigation at the time was Hamilton 
Moore’s “Navigator,” published in London. Many errors were known to exist in 
the book. To have exact tables for his work, Bowditch commenced the laborious 
task of recomputing Moore’s tables. He found the book poorly arranged for practical 
navigation, with inadequate tables, and to contain numerous errors. One error was 
said to be so serious as to have caused the loss of two ships at sea. When he com- 
municated his findings to the American publisher of the book, Mr. Edmund Blunt 
of Newburyport, Mass., who was about to publish a third edition in this country, 
Mr. Blunt urged Bowditch to take several copies of Moore’s book on his next voyage 
to correct it for the third edition. The task involved such extensive revision that 
Bowditch decided to write his own book, and to “put down in the book nothing I 
can’t teach the crew.’”’? On that trip it is said that every man of the crew of 12, includ- 
ing the ship’s cook, became able to take and calculate lunar observations and plot the 
daily position of the ship. 

In 1802, Mr. Blunt published the first edition of the American Practical Navi- 
gator, which was received with such great acclaim by the maritime world that over 
30,000 copies in 10 editions were sold pur to Bowditch’s death. In 1866, the United 
States Hydrographic Office bought the copyright and since that time has published 
the book, revising it completely from time to time to keep step with the modern 
changes in navigation methods. 

eath at 65 on March 16, 1838, closed a record of wonderful achievement during 
a life of stainless integrity. Many honors had been conferred upon him by his fellow 
men. The following eulogy was written by the Salem Marine Society: 

“In his death a public, a national, a human benefactor has departed. Not this 
community nor our country only, but the whole world has reason to do honor to his 
memory. When the voice of eulogy shall be still, when the tears of sorrow shall 
cease to flow, no monument will be needed to keep alive his memory among men; 
but as long as ships shall sail, the needle point to the north, and the stars go through 
their wonted courses in the heavens, the name of Dr. Bowditch will be revered as’ 
of one who has helped his fellowmen in time of need, who was and is a guide to them 
over the pathless oceans, and one who forwarded the great interests of mankind.”’ 


PART I 


TEXT AND APPENDICES 


PART II 


TABLES 


HYDROGRAPHIC OFFICE MANUALS OF NAVIGATION AND 
NAUTICAL ASTRONOMY 


Besides the present epitome, entitled the “American Practical Navigator,” the 
Hydrographic Office issues related works to aid in the practice of ce nenwe which 
are titled and numbered as follows: 


{ 


Cata-, 
log Title of book 
No. 


66 | Arctic Azimuth Tables giving True Bearings of the Sun and the other celestial bodies within 
ecliptic limits, for parallels of latitude between 70° and 88° N. 

71 | Azimuth Tables, giving the True Bearings of the Sun at Intervals of Ten Minutes between 
Sunrise and Sunset, for Parallels of Latitude between 71° N. and 71° S. (Can also be 
applied to the moon, planets, and stars, where declinations do not exceed 23° N. or S.) 

120 | The Azimuths of Celestial Bodies whose declinations range from 24° to 70°, for parallels of 
latitude extending to 70° from the equator. 

127 | Star Identification Tables, giving simultaneous values of declination and hour angle for 
values of latitude, altitude, aiid azimuth, ranging from 0° to 80° in latitude and altitude, 
and 0° to 180° in azimuth. 

208 | Navigation Tables for Mariners and Aviators. Working from an assumed position this small 
book of tables affords a means of determining (a) the Sumner line, (b) the compass error, (c) 
ne meridian altitude, (d) the great circle course and distance, ‘and (e) the identification 
of stars. 

211 | Dead Reckoning Altitude and Azimuth Table. Working from the dead reckoning position 
this small book of tables has the same uses as H. O. 208. The solution is uniform under 
all conditions. 

214 | Tables of Computed Altitude and Azimuth, for rapidly finding line of position. Consists of 8 
volumes, each covering a belt of 10 degrees of latitude. A uniform process adopted by 
most mariners and aviators. Azimuth is given for every 4 minutes of time. 

217 | Manual of Maneuvering Board. This book gives essential problems in maneuvering. The 
determination of proper course, speed, and distance involved, constitute the relative move- 
ment, or maneuvering problems, which are readily solved here in 28 cases of illustrated 
examples. 


The chapter containing weather material was submitted to the Weather Bureau 
of the Department of Agriculture for comment, and acknowledgments are accordingly 
made to them. 
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CHAPTER I 
NAVIGATION DEFINITIONS 


Navigation is the science which affords the knowledge necessary to conduct a 
vessel from point to point on the earth’s surface, and to enable the mariner to deter- 
mine, with a sufficient degree of accuracy, the position of his vessel at any time. Its 
two branches are geo-navigation and celo-navigation. 

Geo-navigation is that part of navigation in which position is determined from 
relation to earthly objects. en position is directly ascertained from visible objects, 
or by radio bearings of known points, or by soundings of the depths of the sea, it is 
called piloting. When position is deduced by totaling the distances on courses run from 
a geographical position, it is called dead reckoning. 
o-navigation or nautical astronomy is that part of navigation in which position 
is determined by observation of celestial objects—the sun, moon, planets, or stars. 

The earth is an oblate spheroid, being a nearly spherical body slightly flattened 
at the poles. Its longer or equatorial axis measures 7,927 statute or 6,884 nautical 
mere its mp} or ae Ta = 7 es statute or 6,860.5 nautical miles. 

e shape is so nearly a sphere that for practic oses of navigation it 1 
to be a perfect sphere. (See fig. 1.) : oe ese om eee 

The axis of rotation is the 
diameter of the earth about 
which it rotates. The ends 
of this axis are called the 
North Pole and South Pole. 

A great circle is a circle 
on the earth’s surface formed 
by the intersection of the 
earth’s surface with a plane 
passed through the earth’s 
center. A small circle is any 
circle on the earth’s surface 
formed by the intersection of 
the earth’s surface with a 
plane not passing through the 
center of the earth. | 

The Equator is that great 
circle of the earth formed 
by the intersection with the 
earth’s surface of a plane per- 
pendicular to the axis of ro- 
tation at its midpoint. All 
points on the equator are 
therefore 90° from either pole. 

Meridians are great 
circles of the earth which 
pass through the poles. The 
plane of any meridian includes the axis of rotation, is bisected by it, and is perpen- 
dicular to the plane of the equator. The half of a celestial meridian which passes 
through the position of the observer is referred to as the upper branch of the meridian, 
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the lower branch being on the opposite side of the earth’s axis. When speaking of a 
meridian the upper branch is meant unless the lower branch is specified. 

The prime meridian is the meridian used as a line of origin for the measurement 
of longitude. The prime meridian accepted by most nations is that which passes 
through the observatory at Greenwich, aglaud : 

Parallels of latitude are small circles of the earth whose planes are parallel to 
the plane of the equator. 

The latitude (symbol L) of a place on the surface of the earth is its angular dis- 
tafice north or south of the equator, measured by the arc of the meridian of the place 
contained between the place and the equator. With the equator as the origin, 
latitude is measured from 0° to 90° north or south. (See figure 2.) 

The difference of latitude (symbol D. L.) between any two places is the angular 
measure of the arc of a meridian intercepted between their parallels of latitude. 
Between two places on the same side of the equator their latitudes are subtracted to 
obtain D. L. Between two places on opposite sides of the equator their latitudes are 
added to obtain D. L. 

The longitude (symbol Lo) of a place is its angular distance east or west of the 
prime meridian, or is the measure of the arc of the equator intercepted between the 
prime meridian (Greenwich) and the meridian of the place, measured to eastward or 
westward from 0° at Greenwich to 180°. (See figure 3.) 

The difference of longitude (symbol DLo) between two places is the smaller arc 
of the equator intercepted between their meridians. If both places are east or west 
of Greenwich, DLo is obtained by subtracting their longitudes. If one place is east 
and the other west of Greenwich, DLo is obtained by adding their longitudes. (If 
this sum exceeds 180°, subtract the sum from 360°.) 7 

The departure (symbol Dep.) is the linear distance measured on a parallel of lati- 
tude between two meridians. It is measured in nautical miles to distinguish it from 
the angular measure or difference of longitude of the arc. Departure between two 
meridians varies with the parallel of lat- 
itude on which it is measured, while dif- 
ference of longitude remains the same. 

Distance (symbol Dist.) is the 
length of the line drawn between any 
two places. The shortest distance be- 
tween two paces on the earth’s surface 
is measured along the great circle pass- 
ing through both places. The measure 
of distance employed by navigators is 
the nautical mile, which is 6,080.20 
feet, or practically the equivalent of 1’ 
of arc of a meridian or the equator. 

The statute mile of 5,280 feet is 
used in land measurements, and is com- 
monly used in navigating river and lake 
vessels, notably on the Great Lakes of 
America. However, at sea the nautical 
mile has such advantages when used 
with nautical astronomy that its use is 
almost universal. 

The nautical mile is about one- 
seventh more than the statute mile, or the statute mile is approximately one-eighth 
shorter than the nautical mile. 

The knot (symbol kt or kts) is the unit of speed used in navigation and is equal 
to 1 nautical mile per hour. 
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The course (symbol C or Co) is the angle which the center line of a vessel makes 
with the meridian. Course is measured from 0° at North clockwise 360°. In some 
calculations it is desirable to measure course from the North or South points to either 
Te or West. In such cases the course is expressed in terms of the proper origin as 
ollows: 


C=N 25° E., or C,= 25° 
C=N 25° W., or C,=335° 
=§ 16° E., or C,=165° 


The great cirele track between any two places is the route between the two 
places along the circumference of the great circle which passes through both places. 
See figure 1. From the properties of a great circle (which is a circle on the earth’s 
surface formed by the intersection of the surface with a plane passed through its 
center) the distance between two points measured on a great-circle track is shorter 
than the distance along any other line joining them. Except when the two points 
_ are on the same meridian or both lie on the equator, a great circle track will intersect 
each intervening meridian at a different angle and will differ from the rhumb line, 
due to the convergence of meridians toward the poles. To follow a great-circle track, 
therefore, it is necessary to change the compass course periodically to agree with 
the angle of the track with the meridian at that point. When two points are in 
different hemispheres the angle that the great-circle track between them makes with 
successive meridians will increase on one side of the equator and decrease on the 
other. Laid on a Mercator chart the track has a double curvature. 

Rhumb line, loxodromic curve, or equiangular spiral is a curved line which cuts 
all meridians at the same angle. Along a meridian or along the equator the rhumb 
line coincides with the great-circle track. At all other times it will lie nearer the 
equator than the great-circle track. 

Direction is a point on the horizon towards which a vessel is moving and it is 
essentially a line. The direction of a line passing through a point on the earth is 
one of this line to the meridian and is measured clockwise from 000° to 

Heading.— A vessel’s heading is the , 
direction in which the ship heads, or 
points at any particular time and is the 
angle of the fore and aft line with the 
meridian. 

Heading and course are not always 
the same thing, as when a vessel bucks 
an adverse wind, or strong tide, and 
attempts to make good, say for example, 
a true course east; then to offset strong 
northerly winds and swift southerly 
current, it becomes necessary to point 


idian 


the ship’s head to northeast. In this \\%<\.\. (20 oe 
case the heading is 045° and the course en ao nee pe 
is 090°. <2 AN, Byer eae a 


The course of a vessel is the direc- 
tion given for the ship’s movement or 
progress. 

Bearing is the angle between the es Bs 
meridian (north-south line) and the ae 
direction in which the ship is required 
to proceed. Bearings measured sea the meridian are known as true bearings. A 
compass bearing is the angle between the direction of compass north and south and 
the direction of a place or object. Compass bearings must be corrected for both 
deviation and variation to get a true bearing. 


CHAPTER II 
NAVIGATION INSTRUMENTS AND ACCESSORIES 


DIVIDERS OR COMPASSES 


This instrument consists of two legs movable about a joint, so that the points at 
the extremities of the legs may be set at any required distance from each other. It is 
used to take and transfer distances and to describe arcs and circles. When used for 
the former purpose it is termed dividers, and the extremities of both legs are metal 
points; when used for describing arcs or circles, it is called a compass, and one of the 
metal points is replaced by a pencil or pen. 

PARALLEL RULERS 


Parallel rulers consist of a pair of rulers connected together by metal strips in 
such a manner as to allow freedom of movement of each member of the pair parallel 
to the other. They are used for drawing lines parallel to each other in any direction, 
and are particularly useful in transferring the rhumb-line on the chart to the nearest 
compass-rose to ascertain the course, or to lay off bearings and courses. 


PROTRACTOR 


’ A protractor, in its simplest form, is a graduated arc of flat material used to lay 
down angular measures on a plane surface or chart. A protractor with one stationary 
and two movable arms for extending the angles from the arc is called a three-armed 

rotractor. This protractor is used for plotting the position of the ship, or sounding 
at. (For full description see chapter on Marine Surveying.) 


UNIVERSAL DRAFTING MACHINE 


This appliance consists of a protractor carried by a parallel-motion linkage which 
is fastened to the upper left-hand edge of the chart board. The linkage permits the 
movement of the protractor to any part of the chart without change of orientation, 
and, therefore, the instrument affords great convenience in laying off a course or 
bearing from any chosen point, and in the parallel transfer of a straight line to any 
required position. Of the peopptaty rulers supplied, any two can be mounted on the 
protractor, one at right angles to the other if desired, to render convenient the plotti 
of lines of position. The graduated protractor-rim or compass-rose can be clam 
as desired, and hence oriented to coincide with the north and south direction on the 
chart (see fig. 2). 

SPEED MEASUREMENT 


The speed of a vessel through the water and the distance traveled are measured 
by various mechanical means described in the following paragraphs. A special instru- 
ment for measuring speed is called a log. Speeds are recorded 1n knots. 

The taffrail log is a mechanical contrivance for registering the distance actually 
run by a vessel through the water. There are various types of taffrail logs which act 
upon the same principle. They consist of a registering device, a fly or rotator, and a 
log or towline. The rotator is 8 small spindle with a number of spiral fins. When 
drawn through the water in the direction of its axis, it rotates about that axis after the 
manner of a screw propeller. The rotator is towed from the vessel by means of a lo 
or towline from 30 to 100 fathoms in length, made fast at its apex. The line is o 
special make, so that the turns of the rotator are transmitted through it to the worm 
shaft of the register, to which the inboard end of the line is attached. The registering 
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’ 


device is sp constructed as to show upon a dial face, the distance run, according to the 
number of turns‘of its worm sheft. The register is carried at some convenient point 
on the vessel’s quarter. It is frequently found expedient to rig it out upon a small 
boom, so that the rotator will be towed clear of the wake. 

The taffrail log affords only an approximate means of determining the vessel’s 
speed through the water. The normal percentage of error in the instrument may be 
determined from repeated runs over known distances free of currents. Other errors 
may be caused by bent fins, fins fouled by seaweed or refuse, mechanical wear of parts, 
too short a tow line, or use in a following or head sea (see figs. 3 and 4). 

Electrical registers are sometimes used for transferring the readings of the me- 
chanical register to a dial on or near the bridge. : 

The Forbes log is designed to indicate the vessel’s speed at any moment as well 
as record the distance traveled. A bronze tube is fitted vertically through the bottom 
of the vessel near the point about which the vessel pivots in turning. “Water passin 
through two openings in the tube acts to rotate a small rotator in the tube at a spee 
dependent upon the speed of the vessel through the water. The rotator’s motion is 
transferred by spindle to a magneto in which a small current is thus generated. The 
voltage of this current is registered on voltmeters which are placed at points about the 
ship convenient to the navigator’s use, and which are calibrated to read directly in 
knots. Rotation is also transferred to a small commutator which electrically oper- 
ates the distance recorders located adjacent to the speed indicators. The bronze tube 
can be withdrawn into the ship for cleaning and repairs. , 

The calibration of this log to record the performance of particular vessels, accord- 
ing to the varying forms of stream lines beneath the hull, is accomplished by varying 
the selection of gear wheels which compose the respective trains by which the dis- 
tance and speed recorders are actuated. 

Revolution indicators which record the revolutions of the screw pore afford 
in a steamer a valuable means of determining a vessel’s speed through the water. The 
number of revolutions per knot must be carefully determined for the vessel by experi- 
ment under varying conditions of speed, draft, and foulness of bottom. Various in- 
struments have been developed for indicating speed and distance from the propeller 
revolutions. 

The pitometer log is designed to indicate accurately the speed of a vessel through 
the water and record the distance traveled. The speed element is based on the action 
of water pressure from a pitot tube causing a deflection of mercury in a U tube or 
manometer, which moves a dial graduated in knots. . Distance traveled is totali 
by @ mechanical integrator and cam attached to the speed dial. Both speed and dis- 
tance readings are reproduced by repeaters in various desired locations about the 
vessel (see fig. 5). 

The pitot tube or rod meter (see figure) contains two small tubes, one terminati 
in a dynamic orifice which points forward, the other in a static orifice opening on both 
sides of a flat tip. The rod meter is supported by a sea cock, having an extension with 
a watertight gland, and projects about 3 feet below the bottom so that it reaches water 
unaffected by movement of the vessel at any speed. When the vessel moves through 
the water, the dynamic orifice receives a pressure which is greater than the compara- 
tively constant pressure on the static orifice. The difference between the two pres- 
sures is a function of the vessel’s speed and is independent of roll, pitch, or variation 
in draft. The water pressures from the rod meter are transmitted to the mercury 
manometer which is so calibrated as to indicate the vessel’s speed in knuts. Readings 
below about 5 knots are less accurate than for higher speeds. 


DEPTH MEASUREMENT 


The lead is a device, for ascertaining the depth of water, which consists essentiall 
of a suitably marked line, having a lead attached to one of its ends. It is an invaluable 
aid to the navigator in shallow water particularly in thick or foggy weather, and is 
often of service when the vessel is out of sight of land. 

Two leads are used for soundings, the hand lead, weighing from 7 to 14 pounds, 
with a line marked to about 25 fathoms, and the deep-sea lead, weighing from 30 to 
100 pounds, the line being 100 fathoms or upward in length. 
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Figure 3.—Taffrail log. 


Ficurg 4.—Taffrail log rotator. 
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Lanes are generally marked as follows: 


2 fathoms from the ‘ead, with 2 strips of leather. | 17 fathoms from the lead, same as at 7 fathoms. 
3 fathoms from the lead, with 3 strips of leather. | 20 fathoms from the lead, with 2 knots. 


5 fathoms from the lead, with white rag. 25 fathoms from the lead, with 1 knot. 

7 fathoms from the lead, with a red rag. 30 fathoms from the lead, with 3 knots. 

10 fathoms from the lead, with leather having a/| 35 fathoms from the lead, with 1 knot. 
hole in it. 40 fathoms from the lead, with 4 knots. 


13 fathoms from the lead, same as at 3 fathoms. | And so on. 
15 fathoms from the lead, same as at 5 fathoms. 


Fathoms which correspond with the depths marked are called marks; the inter- 
mediate fathoms are called deeps; the only fractions of a fathom used are a half 
and a quarter. 

A practice sometimes followed is to mark the hand-lead line in feet around the 
critical ore of the vessel by which it is to be used. | 

Lead lines should be measured frequently while wet and the correctness of the 
marking verified. The distance from the leadsman’s hand to the water’s edge should 
be alee in order that proper allowance may be made therefor in taking 
soundings at night. | 

The deep-sea lead may be armed by filling with tallow a hole hollowed out in 
its lower end, by which means a sample of the bottom is brouent up. 

The sounding machine has advantages over the Sh ead, for which it is a 
substitute, in that soundings may be obtained at great depths and with rapidity and 
accuracy without stopping the vessel. It consists essentially of a stand holding & 
reel upon which is wound the sounding wire, and which is controlled by a suitable 
brake. Crank handles or motors are provided for reeling in the wire after the sound- 
ing has been taken. Attached to the outer end of the wire is the lead, which has a 
cavity at its lower end for the reception of the tallow for arming. Above the lead is 
a cylindrical case containing the depth-registering mechanism; various devices are in 
use for this purpose, all depending, however, upon the increasing pressure of the 
water with increasing depths. | 

In the Lord Kelvin machine a slender glass tube is used, sealed at one end and 
open at the other, and coated inside with a chemical substance which changes color 
upon contact with sea water. This tube js placed, closed end up, in the metal cylinder; 
as it sinks the water rises in the tube, the contained air being compressed with a 
force dependent upon the depth. The limit of discoloration is marked by a clearly 
defined line, and the depth of the sounding corresponding to this line is read off from 
a scale. Tubes that have been used in comparatively shallow water may be used 
again where the water is known to be deeper. 

A tube whose inner surface is ground has been substituted for the chemical-coated 
tube, ground glass, when wet, showing clear. The advantage of such a tube is that 
it may be used an indefinite number of times if thoroughly dried. To facilitate 
drying, a rubber cap is fitted to the upper end, which, when removed, admits cir- 
culation of the air through the tube. 

As a substitute for the glass tubes a mechanical depth recorder contained in a 
suitable case has been used. In this device the pressure of the water acts upon a 
piston against the tension of a spring.’ A scale with an index pointer records the 
depth reached. The index pointer must be set at zero before each sounding. 

Since the action of the sounding machine, when glass tubes are used, depends 
upon the compression of the air, the barometric pressure of the atmosphere must be 
taken into account when accurate results are required. The correction consists in 
increasing the indicated depth by a fractional amount according to the following 
table: | 


One-fortieth. 
One-thirtieth. 


One-twentieth. 
One-fifteenth. 
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Sounding tubes at times are subject to certain defects, which, operating singly 
or in combination, may give wrong results. Salt deposits are sometimes found 
inside the ground glass tubes, causing moisture to creep up indicating larger readings. 
The bore 1s not always truly cylindrical. Chemical-coated tubes deteriorate with 
age and a true reading is difficult to make. Errors as much as 20 percent have been 
noted. Navigators Pee abrasion! the 100-fathom curve sometimes feel secure when 
no bottom is obtained, but a leaky tube maf indicate no bottom when the water has 
much less depth, resulting sometimes in disaster. Before beginning the soundings 
for a landfall it is advisable to stop the vessel for an up and down cast, in order to test 
the accuracy of the tubes under the prevailing conditions. It will not be necessa 
to get bottom, but run out 60 or 70 fathoms of wire, then read the tube for a chec 
on the wire register. 

The sonic and supersonic depth finders.—Each type varies considerably in de- 
tail but all are based on the discovery that a sound made under water reflect 
from the ocean bottom an echo which can be received by a microphone. If the ve- 
locity of sound in water is known, and the interval of time between the generation 
of the sound and the receipt of the echo is measured, the depth can be determined 
By the formula, depth=velocity Xone-half the time interval between sound and 
echo. 

The velocity of sound in sea water varies with the temperature, salinity, and 
pressure, but an average value of 4,800 feet per second is sufficiently accurate for 
navigational depth finding. This velocity is 800 fathoms per second. An elapsed 
aae of 1 second between sound and echo would therefore indicate a depth of 400 

athoms. 

The essential parts of all echo sounding depth finders are an oscillator for pro- 
ducing sound under water, hydrophones for receiving the echo from the bottom, 
and. a recorder or depth indicator with its necessary electrical attachments. 

Sonic depth finders use a sound in the audible range. The sound may be made 
by a mechanical hammer striking the hull or by an oscillator built into the hull and 
driven by the reaction between an alternating current and a direct current field. 
The echo is received in a microphone and may be heard in ear phones or amplified 
and the energy used to operate a light or mechanical depth indicator. 

Supersonic depth finders use a sound in the high pitch range above audibility. 
The sound emanates from a diaphragm in contact with the water. The diaphragm 
is vibrated by the contraction of quartz crystals in an electric circuit. The same 
diaphragm receives the echo, which is amplified and the energy used to operate a 
light to indicate depth. In some cases, a pencil also makes a graphic record of the 
depth. 3 

The mechanism in general operates as follows: A constant speed motor rotates 
a shaft once a second. An arm on the shaft carries a contact maker and a light. 
The light travels in a circle just under a transparent scale divided into 400 divisions 
representing fathoms. As the light passes the zero reading, the contact closes and a 
signal is transmitted. The energy from the echo received flashes the light. The 
reading on the scale that is illuminated at that instant by the flash of light is the 
depth. For depths exceeding 400 fathoms, the number of revolutions the arm makes 
before the flash must be counted and the corresponding amount added to the reading. 
Readings are continuous and are prpeeren| accurate in shoal or deep water without 
necessity of reducing the speed of the vessel. . 


THE MARINER’S COMPASS 


The mariner’s compass is an instrument consisting either of a single magnet, 
or, More usually, of a group of magnets, which, being attached to a graduated circle 
pivoted at the center and allowed to swing freely in a horizontal plane, has a tend- 
ency, when not affected by disturbing magnetic features within the ship, to lie with 
its magnetic axis in the plane of the earth’s magnetic meridian, thus affording a 
means of determining the azimuth, or horizontal angular distance from that me- 
ridian, of the ship’s course and of all visible objects, terrestrial or celestial. 

The circular card of the compass is divided on its periphery into 360°. For 
sailing ships, it is sometimes numbered from 0° at North and South to 90° at East 
and West; or into 32 divisions of 11° each, called points, the latter being further 
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divided into half-points and quarter-points. The system of numbering the degrees 
from 0° to 360°, always increasing toward the right, is shown in figure 7. 

Compass points.—The four principal points are called cardinal points and are 
named North, South, East, and West; each differs in direction from the adjacent one 
by 90°, or 8 points. Midway between the cardinal points, at an angular distance of 
45°, or 4 points, are the inter-cardinal points, named according to their position North- 
east, Southeast, etc. Midway between each cardinal and inter-cardinal point, at an 
angular distance of 22°, or 2 points, is a point whose name is made up of a combina- 
tion of that of the cardinal with that of the inter-cardinal point: North-Northeast, 
East-Northeast, East-Southeast, etc. At an angular distance of 1 point, or 11°, 
from each cardinal and inter-cardinal point (and therefore midway between it and the 
22%°-division last described) is a peut which bears the name of that cardinal or inter- 
cardinal point joined by the word by to that of the cardinal point in the direction of 
which it lies: North by East, Northeast by North, Northeast by East, etc. 

The names of the whole points, together with fractional points, are given in 
Table 2, which gives also the degrees, minutes, and seconds from North or South to 
which each division corresponds. The process of naming the points as indicated in this 
table is called ‘‘boxing the compass.’’ 

The compass card is mounted in a bow! which is carried in gimbals, thus enabling 
the card to retain a horizontal position while the ship is pitching and rolling. A ver- 
tical black line called the lubber’s line is marked on the inner surface of the bowl. 
The compass is so mounted that a line joining its pivot with the lubber’s line is parallel 
to the keel line of the vessel. Thus the lubber’s line always indicates the compass — 
direction of the ship’s head by marking the position of the ship’s head with reference 
to the compass card. It serves as a reading mark for the helmsman. 

According to the purpose which it is designed to fulfill, a compass is designated 
- as a Standard, Steering, or Boat Compass. 

There are two types of magnetic compass in use, the liquid and the dry; in the 
former the bowl is filled with liquid, the card being thus partially buoyed with con- 
sequent increased ease of working on the pivot, and the liquid further serving to de- 
crease the vibrations of the card when deflected by reason of the motion of the vessel 
or other cause. On account of its advantages the liquid compass is generally used. 

The Navy service 714-inch liquid compass.—This consists of a skeleton card 7% 
inches in diameter, made of tinned brass, resting on a pivot in liquid, with provisions 
for two pairs of magnets symmetrically placed (see fig. 7). 

The magnet system of the card consists of four cylindrical bundles of steel wires. 
These wires are magnetized as a bundle between the poles of a powerful electro-mag- 
net. They are afterwards placed in a cylindrical case, sealed, and secured to the card. 
Steel wires made up into a bundle were adopted because they are more homogeneous, 
can be more perfectly tempered, and for the same weight give greater magnetic power 
than a solid steel bar. 

Two of the magnets are placed parallel to the north and south diameter of the 
card, and on the chords of 15° (nearly) of a circle passing through their extremities. 
These magnets penetrate the air vessel, to which they are soldered, and are further 
secured to the bottom of the ring of the card. The other two magnets of the system 
are placed parallel to the longer magnets on the chords of 45° (nearly) of a circle 
passing through their extremities and are secured to the bottom of the ring of the card. 

The card is of a curved annular type, the outer ring rome convex on the upper 
and inner side, and is graduated to read to degrees, with legible figures at each 10°, 
for use in reading bearings by an azimuth circle or in laying the course to degrees. 

The card is provided with a concentric eoheroidal air vessel to buoy its own 
weight and that of the magnets, allowing a pressure of between 60 and 90 grains on 
the pivot at 60° F. The weight of the card in air is 3,060 grains. The air vessel has 
within it a hollow cone, open at its lower end, and provided with the pivot bearing 
or cap containing a sapphire. The sapphire rests upon a gunmetal pivot with an 
iridium cap, and thus supports the card. The cap 1s provided with adjusting screws 
for accurately centering the card. The pivot is fastened to the center of the bottom 
of the bowl by a flanged plate and screws. Through this plate and the bottom of the 
bowl are two small holes which communicate with the expansion chamber and admit 
of a circulation of the liquid between it and the bowl. 
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Fiours 6.—Mariners illuminated pelorus. 


\ 


NAVIGATION INSTRUMENTS AND ACCESSORIES 31 


The card is mounted in a bow! of cast bronze, the glass cover of which is closely 

acked with rubber, preventing the evaporation or leakage of the liquid, which entirely 

the bowl. This liquid is ep ave of 45 pont pure alcohol and 55 percent 
distilled water, and remains liquid below —10° F. 

The lubber’s line is a fine line drawn on an enameled plate on the inside of the 
bowl, the inner surface of the latter being covered with an insoluble white paint. 

Beneath the bowl is a metallic self-adjusting expansion chamber of elastic metal, 
by means of which the bow! is kept constantly full without the show of bubbles or the 
development of undue pressure caused by the change in volume of the liquid due 
to ee of temperature. In some types, the expansion chamber has a glass bot- 
tom and @ mica top so that light may be transmitted from bottom to top through 
the compass bowl, and the compass card thus be illuminated from below instead of 
from above. 

The rim of the compass bowl is made rigid and its outer edge machined strictly 
to gauge so that an azimuth circle can be-fitted snugly onto it. 

The dry compass.—The Lord Kelvin compass, which may be regarded as one of 
the standard for the dry type, consists of a strong paper card with the central poe 
cut away and its outer edge stiffened by a thin alumimum mng. The pivot is fitted 
with an iridium point, upon which rests a small light aluminum boss fitted with a 
sapphire bearing. Radiating from this boss are 32 silk threads whose outer ends are 

e fast to the inner edge of the compass card; these threads sustain the weight 
of the suspended card, and as they possess some elasticity, tend to decrease the 
shocks due to motion. - 

Eight small ia ee steel wire needles, 3% to 2 inches long, are usually secured 
to two parallel silk ads, and are slung from the aluminum rim of the card by other 
silk threads which pass through eyes in the ends of the outer pair of needles. The 
needles are below the radial threads, thus keeping the center of gravity low. 

The azimuth circle.—This is a necessary fitting for all compasses employed for 
taking bearings—that js, noting the directions—of either celestial or terrestrial ob- 
jects. The instrument varies widely in its different forms; the essential features which 
all share consist in (a) a parr of sight vanes, or equivalent device, at the extremities 
of the diameter of a circle that revolves concentrically with the compass bowl, the 
line of sight thus always passing through the vertical axis of the compass; and (6) a 
system, usually of mirrors and prisms, by which the point of the compass card cut 
by the vertical plane through the line of sight—in other words, the compass direc- 
tion—is brought into the field of view of the peeen making the observation. In 
some circles, for observing azimuths of the sun advantage is taken of the brightness of 
that body to reflect a pencil of light upon the card in such a manner as to indicate the 

ings. (See figs. 6 and 8). 

The azimuth circles should be tested occasionally for accuracy. This can best 
be done by mounting a standard compass on a tmpod in a nonmagnetic spot on shore, 
in a locality where the variation has been accurately determined. The observed 
compass bearing of the sun should, of course, be the same as the computed magnetic 
bearing at any instant, the difference between the two, if any, being equal to the 
error of the compass or, what is more likely, the error of the azimuth circle. An 
doubt in the matter may be removed by the use of two or more compasses. It will 
be frequently found that the error of the azimuth circle varies with the sun’s altitude; 
this is due to the fact that the axis of the mirror is not normal to the plane passing 
through the sun, the five-sided prism, and the center of the mirror. 

Binnacles.— Compasses are mounted for use in stands known as Binnacles, of 
which there are be i eereliin types—the Compensating and the Noncompensating 
Binnacle, so designated according as they are or are not equipped with appliances by 
which the deviation of the compass, or error in its indications, due to disturbing 
magnetic features within the ship may be compensated. 

Binnacles may be of wood or of some ee pe Se metal. All contain a compass 
chamber within which the compass is suspended in its gimbal ring. The knife-edges 
upon which the gimbal ring is suspended rests in V-shaped bearings. An appropriate 
method is supplied for centering the compass. A hood: is provided for the protection 
of the compass and for lighting it at night. Binnacles must be rigidly secured to the 
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FIGURE 7.—United States Navy compass. 
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Figure 8.—Azimuth circle 


NAVIGATION INSTRUMENTS AND ACCESSORIES 33 


deck of the vessel in such position that the lubber’s line of the compass gives true 
indications of the direction of the vessel’s head. . 
The position of the various binnacles on shipboard and the height at which they 
the compass must be chosen with regard to the purpose which the compass is 
to serve, having in mind the magnetic conditions of the ship. 

Compensating binnacles contain the appliances for carrying the various correc- 

tors used in the compensation of the deviation of the compass. These consist of (a) a 
tem of permanent magnets for semicircular deviation, placed in a magnetic 
chamber lying immediately beneath the compass chamber, so arranged as to permit 
variation in the height and number of the magnets employed; (6) a pair of arms 
rojecting horizontally 
rom the compass cham- 
ber and supporting mas- 
ses of soft iron for quad- Lubbers Line Ming 
rantal deviation; (c) a 
central tube in the ver- 
tical axis of the binnacle 
for a permanent magnet 
used to correct the heel- 
ing error; and (d) an 
attachment, sometimes 
fitted, for securing a 
vertical] soft-iron rod, or 
‘Flinders bar,’’ used in 
certain cases for correc- 
tion of a part of the semi- 
circular deviation. An 
explanation of the vari- 
ous terms here used, to- 
gether with the method 
of compensating the 
compass, will be given 
in chapter ITI. 

The gyrocompass.— 
This compass utilizes 
the principle of the gyro- 
scope to indicate the 
true north. It consists 
essentially of a rapidly 
spinning rotor, usually 
driven by a three-phase 
alternating current of 
electricity, at a rate y) = 
pinging pre PEUZZIZEA OaH 
revolutions per minute, _ Fiauee 10. 
and so suspended that it 
automatically places its axis approximately in the direction of the geographical merid- 
ian and permits of the reading of the heading of the ship, unaffected Beaag magnetic 
influence, from a graduated compass card like that in use on magnetic compasses. 
From the ‘‘master compass,’’ which may be located in a compartment below, electri- 
cal connections are made to “repeating compasses” on the bridge, in the conning 
tower, or in the steering-engine room, so that the ship’s true heading may be trans- 
mitted to any desired part of the vessel. (See fig. 12.) 

The action of the gyrocompass, affected as it is by the earth’s rotation under 
it, conforms to Foucault’s general law that ‘‘a spinning body tends to swing around 
so as to place its axis parallel to the axis of any impressed forces, and so that its 
direction of rotation is the same as that of the impressed forces.’’ By means of a 
suitable damping device, the axis of the gyrocompass is caused to settle on or very 
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close to the true meridian. Small corrections, depending upon the latitude, course, 
and speed are introduced automatically or by hand. 
he construction of one of the standard types of this compass is shown in the 
accompanying illustration, figure 10. The gyroscope wheel A is mounted to spin on 
a horizontal axis, zz, within the casing B, which 1s pivoted on the horizontal axis 
YY through its center of gravity and carried by the frame or vertical ring D. The 
ring D is suspended by the tortionless strand E and guided by bearings ZZ’ to allow 
a free oscillation of limited amount about its vertical axis ZL! within the frame or 
phantom G. 
The phantom G has a hollow stem H to which the strand E is attached at its 
upper end, and the stem forms a journal for rotation in azimuth with respect to the 
supporting base frame J. The frame is mounted in gimbal rings K’K’ on the binnacle 
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FIGURE 11.—Master compass, east elevation. 


in the same or similar manner as the ordinary magnetic compass is mounted in its 
binnacle stand. 

Secured rigidly to the stem H of the P antom is a gee wheel, NN, having 360 
teeth, 1 tooth for each degree of azimuth. This gear wheel can only move with 
the phantom and conversely when the gear wheel, NN, is moved the phantom must 
move. 

Rigidly secured to the frame J, and thus fixed ote the ship is a motor, 
M, whose small spur wheel w engages with the teeth of NN. Mounted rigidly on 
NN is the compass card CC graduated to 360°. Flush with the surface of the com- 

ass card is a flat ring, FF, on which is engraved the lubber’s line. FF is supported 
by brackets, QQ, on the frame J. Rigidly secured to the lubber’s ring FF is a trans- 
mitter P whose function is to transmit electrically to the repeater compass at the 
helmsman, or to the pelorus repeaters, any movement made by the compass card CC. 

The wheel A together with the wheel casing B and the mng D is called the sen- 
sitive element. As a matter of fact, and most important, the sensitive element is’ 
the real gyroscopic compass, and all the other mechanism is installed simply to re- 
produce the exact movement, headings, or readings of the sensitive element in azimuth 
without interfering with it. Attached to the sensitive element, on the vertical poste 
a, a, as shown, are two electrical trolley contacts, a, a, which make a light electrical 
contact with double stationary contacts bb’, bb’, carried by the phantom. The ob- 
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ject of this mechanism is to make the phantom carrying the compass card follow 
exactly every movement in azimuth of the axis of gyro wheel and thus register in 
degrees either the heading (course) of the ship or the direction in which the gyro 
axis, zz, is pointing relative to the meridian. Furthermore, this movement, by 
means of the repeating transmitter, P, is sent to every steering compass, bridge 
pelorus, and repeater compass in the ship. This work is performed without any 
interference with the freedom of aetion of the sensitive element except that of the 
very light touch of the electrical contacts aa and 66’ 6b’. 

In order to introduce the horizontal couple necessary to suppress the oscillations 
in azimuth which would otherwise constantly attend the operation of this mechanism, 
the pivot e, connecting the heavy bail R to the rotor casing B, is placed slightly eccen- 
trically, at a distance from the vertical axis of the rotor of about one-eighth inch. As 
the bail is pivoted at the points ff, which are above its center of gravity, its natural 
tendency is to hang vertically downwards. There are slots in D which allow B to do 
this. The tendency of the rotor A to keep its position in space as the earth rotates 
under it causes the axis zz to tilt and the bail to be raised from its normal position, and 
the eccentricity of the pin e, by which the bail is raised, causes the gravity couple » 
on B to have a horizontal component. This component provides the nece 
vertical precession to produce a spiral motion of the axis by which it reaches its rest 
point. is pom is always to the east of north by a small amount which varies as 
the tangent of the geographical latitude, and it has a slight altitude from the horizon, 
excepting when the instrument is located on the equator. This error, together with 
that arising through the speed and course of the ship, is semiautomatically allowed 
for; and the errors produced by rolling and pitching are also mechanically corrected 
by the application of stabilizing scopes and counterweights. 

The bail R has been successfully replaced by pivoting on the same bearing, ff 
a ballistic consisting of mercury contained in a pair of iron boxes joined by a ateel 
pipe (fig. 11). These are connected to the gyro case by an arm and roller engaging 
in the sarhe manner as the upper part of the pivot, e. 

The mercury in the containers fills them to a level that. is in the same horizontal 
plane as the center of the gyro spinning axle. Secured to the containers, but above 
the spinning axle, are compensating weights to counteract the weight of the mercury, 
containers, and pipe below the spinning axle. Consequently, when the spinni 
ect _ parallel to the horizon the entire system is nonpendulous and in a state at 

rium. | 

= Each of the three chambers into which each box is subdivided communicates 
by a valve to the steel connecting pipe, so that one, two, or three chambers may be 
put into action according to the requirements arising from change of latitude. By 
means of this adjustment in the distribution of the weight of the mercury content 
in the containers and the pipe joining them, the ballistic deflection can be made 
practically correct in any latitude, instead of being deficient or excessive in all latitudes 
except the one for which the design is originally made. , 

_ Gyrocompass advantages.—The Gyrocompass seeks the true meridian, hence all 
bearings, and courses shown by it are true. No variation or deviation is applied, as 
this compass does not depend on the earth’s magnetic field for its directive force, 
nor is it affected by the magnetism of the ship. Its directive force is much stronger 
than that of the magnetic compass, but this strength which is greatest at the equator, 
decreases with an increase in latitude until at the pole it becomes zero. 

Disadvantages.—Its mechanism is delicate and complicated, hence gets out of 
order, requiring expert attention. It needs a constant source of electrical power. 
The magnetic compass of the ship must be ready at all times to be used in case the 
gyro is not in operating condition. 

Gyro pilot.—By being emploved to actuate a contact maker, which would cause 
the rudder to respond instantly to slight variations of the vessel’s head from the pre- 
acribed course, the gyrocompass has lent itself to the production of the gyro pilot for 
mechanical steering, and likewise to the mechanical recording of the course pursued. 

The —This instrument consists of a circular flat metallic ring, mounted 
in gim upon a vertical standard at some point on board ship affording a clear 
view for taki ings. The inner edge of this ring is engraved in degrees—the 360° 
and the 180° marks indicating a fore-and-aft line parallel to the keel of the ship. 


36 


4 


NAVIGATION INSTRUMEN TS AND ACCESSORIES 


Fiacure 12.—Gyrocom pass. 
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Within this ring a ground-glass dial is pivoted concentrically. This ground-glass 
dial has painted upon it a compass rose divided into points nd subdivisions and into 
360°. This dial is capable of revolution, but may be clamped to the outside ring. 
Pivoted concentrically with the flat ring and the glass dial is a horizontal bar carrying 
at both of its extremes a sight vane, or, mounted upon the bar and parallel to it, a 
telescope containing cross wires. This sight-vane bar can be clamped in any position 
independently of the ground-glass dial, which can be moved freely beneath it. An 
indicator showing the direction the sight-vane bar points can be read upon the com- 
pass card on the glass dial. . 

The pelorus is used for taking bearings of distant objects, and, at times, may be 
more convenient than the standard compass for that purpose because of the better 
view commanded by its position, and because it may be made to eliminate compass 
errors from observed bearings, thus reducing the bearings observed to magnetic or 
true bearings. If the glass dial be revolved until the degree of demarcation, which is 
coincident with the peat eee marking on the flat ring, is the same as that which 
points to the lubber’s line of the standard compass, then all directions indicated by 
the glass will be parallel to the siabhee inae directions of the standard compass, and 
all bearings taken by the pelorus will be identical with those taken by the compass 
(leaving out of the question the difference due to the distance which separates them). 
If it is known that the ship’s compass has a certain error due to deviation of the com- 
pass and if the glass dial be set to allow for this deviation, then all bearings read from 
the pelorus will be magnetic. If the dial be set allowing for both deviation and varia- 
tion of the compass, then all bearings read will be true. It should be noted, however, 
that the bearings taken by pelorus will be accurate only when the vessel is on her 
exact course by standard compass. For this reason it is usual to take a bearing by 
pelorus, at the same time noune the heading by standard compass, and clamping the 
sight vane; then, moving the § ass dial until the direction opposite the dead-ahead 
mark is the same as that noted by the standard compass, the bearing observed (cor- 
rected for the variation and for the deviation of.the heading at the instant of observa- 
tion) will be the true bearing. | 

The pelorus described above is fitted for illuminating the glass dial from below 
in order to facilitate night work. 

Peloruses whose dials are controlled by a master eyregee pie compass of course 
indicate at once the true bearing of the object observed. The repeating compasses 
that are provided with gyro compasses and which may be placed in advantageous 
positions for a clear view, have rendered the pelorus of much less use. These compasses 
are arranged in such a way that when the compass is not operating the card may be 
turned by hand and used hike a pelorus. 

When fitted with a telescope the pelorus may be used to take the azimuth of 


The standard compass is usually located in the ship in the central fore-and-aft 
line which is established from the builders’ marks placed in that vicinity. The 
standard compass being located, all peloruses may be oriented from it by any one 
of the following methods: 

(2) By making the azimuth of a celestial body, taken by the pelorus, coincide 
with the simultaneous azimuth of the same body taken by the standard compass. 

(6) By a similar process with distant objects; and the parallax may be entirely 
eliminated in an apparently near object, in view of the moderate distance that usually 
separates the two instruments on board ship. | 

(c) By reciprocal bearings between the correct instrument and the instrument 
to be established; it is evident that if the lubber lines of the two instruments are 
both in the direction of the keel line, the bearing of the sight vane of each from the 
other (one being reversed) should coincide. ; 

(d) By computing the angle subtended at the pelorus by the fore-and-aft line 
through the pelorus and the line drawn through the pelorus to the jack staff, and 
setting the pelorus at this angle and sighting on the jack staff. 


MANEUVERING BOARD | 


The maneuvering board is a form of plotting sheet issued by the Hydrographic 
Office to assist in readily solving problems arising in steering a ship to its anchorage, 
or problems of relative movement between ships or planes, etc. It can be affixed toa 
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portable drawing board on the bridge of a ship so as to be convenient to the officer 
directing the movements of the ship. oo 

The board is a plotting sheet consisting of 10 concentric circles spaced 1 inch | 
apart. The outer circle is a full line and is graduated clockwise from 0° to 360°, each 
10° reading being indicated in bold-faced type. Inside the circle in small type are the 
reciprocal readings. The inner circle is also a full line. The eight other circles are 
dotted lines, each dot representing 1° of arc. Dotted radial lines are drawn at each 
10° of arc. At the intersection of the horizontal and vertical lines with the concentric 
circles the circles are numbered from 1 to 10. The dots of the radial lines further 
divide each space into 10 equal parts. 

The following scales are printed on the board so that suitable s and distance 
scales for any problem may be used: Scales—2:1, 3:1, 4:1, 5:1, a logarithmic scale, 
and a nomogram for quick solution of time, speed, and distance problems. 

Various adaptations of the maneuvering board, with the circular part pivoted, 
with a ruler pivoted at the center, inner and outer scales, etc., are devised for graphi- 
cal solution of plane Ee and are called tactical boards or Ree ing boards 

The H. O. issues publication No. 217, Maneuvering Board Manual, illustrating 
the ready solution of 28 cases of tactical problems. 


THE NAVIGATOR’S CHART 


A nautical chart is a miniature representation upon a plane surface, in accord- 
ance with a definite system of projection or development, of a portion of the navigable 
waters of the world. It generally includes the outline of the adjacent land, together 
with the surface forms and artificial features that are useful as aids to navigation, 
and sets forth the depths of water, especially in the near approaches to the land, by 
soundings that are fixed in position by accurate determinations. Except in charts 
of harbors or other localities so limited that the curvature of the earth is inappreciable 
on the scale of construction, a nautical chart is always framed over with a network 
of parallels of latitude and meridians of longitude in relation to which the features 
to be depicted on the chart are located and drawn; and the mathematical relation 
between the meridians and parallels of the chart and those of the terrestrial sphere 
determines the method of measurement that is to be employed on the chart and the 
special uses to which it is adapted. 


Chart maki resents the problem of representing the surface of a sphere upon 
a plane surface. e surface of a sphere js said to be undevelopable because no Pr 
of the surface can be spread out on a plane without some tearing or stretching. ‘This 


can be readily seen by attem a to flatfen out a section of a hollow rubber ball. 
The surface of a cone or aolindor: owever, can be spread upon a plane or is develop- 
able. To make charts upon which the contours of the objects on the earth’s surface 
maintain true relations, the surface of the sphere is projected upon the surface of 
cylinders, cones, or planes, which are then developed upon the plane or chart. Each 
system of projection has certain features which make it preferable for certain uses. 

There are four principal systems of chart projection in use: (a) the Mercator, 
(b) the perc (c) the gnomonic, and (d) the Lambert. Of these the Mercator is 
by far the most generally used for purposes of navigation proper, while the other three 
types have special purposes such as: plotting original surveys, facilitating great- 
circle sailing, plotting radio bearings, and for aviation purposes. 

The Mercator projection.—This projection is similar in design to those that are 
developed geometrically upon a plane surface of a cylinder which is tangent to the 
earth at the equator, but it differs from a true geometric projection in that all points 
of this projection are computed and it has a scale varying as the secant of the latitude, 
the rhumb line or lorodromic curve (Chap. I) appears as a right line preserving the same 
angle of bearing with respect to the intersected meridians as does the vessel’s track. 

In order to realize this condition, the line of tangency, which coincides with the 
earth’s equator, being the circumference of a right section of the cylinder, will appear 
as a right line on the development, while the series of elements of the cylinder 
corresponding to the projected terrestrial meridians will appear as equidistant right 
lines, parallel to each other and perpendicular to the equator of the chart, main- 
taining the same relative positions and the same distance apart on the equator as 
the meridians have on the terrestrial spheroid. The series of terrestrial parallels 
will also appear as a system of nght lines parallel to each other and to the equator, 
and will so intersect the meridians as to form a system of rectangles whose altitudes, 
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for successive intervals of latitude, must be variable, increasing from the equator in 
such manner that the angles made by the rhumb line with the meridian on the chart 
‘may maintain the required equality with the corre ponding angles on the spheroid. 

Meridional parts.— At the equator a degree of longitude is equal to a d of 
latitude, but in receding from the equator and approaching the pole, while the 
degrees of latitude remain always of the same length (save for a slight change due to 
the fact that the earth is not a perfect sphere), the degrees of longitude become less 
and less, thus the degree of longitude at 70° north is about 20 nautical miles. 

Since, in the Mercator projection, the degrees of longitude are made to appear 
everywhere of the same length, it becomes necessary, in order to preserve the pro- 
portion that exists at different parts of the earth’s surface between d of fati- 
tude and degrees of longitude, that the former be increased from their natural 
lengths, and such increase must become greater and greater the higher the latitude. 

The length of the meridian, as thus increased between the equator and any 
given latitude, expressed in minutes at the equator as a unit, constitutes the number 
of meridional parts corresponding to that latitude. The Table of Meridional Parts 
or Increased Latitudes (Table 5), computed for every minute of latitude between 
0° and 80°, affords facilities for constructing charts on the Mercator projection and 
for solving problems in Mercator sailing. 

Mercator chart construction.—If the chart for which a projection is to be made 
includes the equator, the values to be measured off are given directly by Table 5. 
If the equator does not come upon the chart, then the parallels of latitude to be laid 
down should be referred to a principal parallel, preferably the lowest parallel to be 
drawn on the chart. The distance of any other parallel of latitude from the principal 
parallel is then the difference of the values for the two taken from Table 5. 

The values so found may either be measured off, without previous numerical 
conversion, by means of a diagonal scale constructed on the chart, or they may be 
laid down on the chart by means of any properly divided scale of yards, meters, feet, 
or miles, after having been reduced to the scale of proportions adopted for the chart. 

If, for example, it be required to construct a chart on a scale of one-quarter of an 
inch to 5 minutes of arc on the equator, a diagonal scale may first be constructed 
on which 10 meridional parts, or 10 minutes of arc on the equator, have a length o 
half an inch. : 

It may often be desirable to adapt the scale to a certain allotment of paper. 
In this case, the lowest and the highest parallels of latitude may first be drawn on 
the sheet on which the transfer is to be made. The distance between these parallels 
may then be measured, and the number of meridional parts between them ascer- 
tained. Dividing the distance by¥ this number will then give the =osie of ane 
meridional part, or the quantity by which all the meridional parts taken from Table 
5 must be multiplied. This quantity will represent the scale of the chart. If it 
occurs that the limits of longitude are a governing consideration, the case may be 
similarly treated. 

Feample.— Let a projection be required for a chart of 14° extent in longitude between the 
parallels of latitude 20°30’N . and 30°25’N., and let the space allowable on the paper between these 
parallels measure 10 inches. 

Entering the column in Table 5 headed 20°, and running down to the line marked 30’ in the 
side column, will be found 1248.9; then, entering the column 30°, and running down to the line 25’ 


will be found 1905.5. The difference, or 1905.5— 1248.9=—656.6, is the value of the meridional 
arc between these latitudes, for which 1’ of arc of the equator is taken as the unit. On the intended 


in 
projection, therefore, 1’ of arc of longitude will measure 555 49770152 inch, which will be the 


scale of the chart. For the sake of brevity call it 0.015. By this quantity all the values derived 
from Table 5 will have to be multiplied before laying them down on the projection, if they are to 
be measured on a diagonal scale of 1 inch. 

Draw in the center of the sheet a straight line, and assume it to be the middle meridian of the 
chart. Construct very carefully on this line a perpendicular near the lower border of the sheet, and 
assume this perpendicular to be the parallel of latitude 20°30’; this will be the southern inner neat 
line of the c From tho intersection of the lines lay off on the parallel, on each side of the 
middle meridian, 7° of longitude, or distances each equal to 0.015 x 60 X 7=6.3 inches; and through 
the pointe thus obtained draw lines parallel to the middle meridian, and these will be the eastern 
and western neat lines of the chart. 
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In order to construct the parallel of latitude for 21°00’, find in Table 5, the meridional parts for 
21°00’, which are 1280.8. Subtracting from this number the number for 20°30’, and multiplying 
the difference by 0.015, we obtain 0.478 inch, which is the distance on the chart between 20°30’. 
and 21°00’. On the meridians lay off distances equal to 0.478 inch, and through the three points 
thus obtained draw a straight line, which will be the parallel of 21°00’. 

Proceed in the same manner to lay down all the parallels answering to full degrees of latitude; 
the distances will be respectively: 


0'»,.015 X (1344.9— ao = 1.440 inches. 
019.015 X (1409.5 — 1248.9) = 2.409 inches. 
0'2,.015 X (1474.5 — 1248.9) = 3.384 inches, etc. 


Thus will be shown the parallels of latitude 22°00’, 23°00’, 24°00’, etc. Finally, lay down 
in the same way the parallel of latitude 30°25’, which will be the northern inner neat line of the 
chart. (For south latitude reverse the procedure.) 

A de of longitude will measure on this chart 0!*.015<60=0'2.9. Lay off, therefore, on 
the edeat oe el of latitude drawn on the chart, on a middle one, and on the highest parallel, 
measuring from the middle meridian toward each side, the distances of 09.9, 1'9.8, 2!2.7, 310.6, 
etc., in order to determine the pou where meridians answering to full degrees cross the parallels 
drawn on the chart. Through the points thus found draw the meridians. Draw then the outer neat 
lines of the chart at a convenient distance outside of the inner neat lines, and extend to them the 
meridians and els. Between the inner and outer neat lines of the chart subdivide the de 
of latitude and longitude as minutely as the scale of the chart will permit, the subdivision of the 
degrees of longitude peng found by dividing the degrees into equal parts, and the subdivisions 
of the degrees of latitude being accurately found in the same manner as the full degrees of latitude 
previously described, though it will generally be found sufficiently exact to make even subdivisions 
of the degrees, as in the case of the longitude. 

The subdivisions between the two eastern as well as those between the two 
western neat lines will serve for measuring or estimating terrestrial distances. Dis- 
tances between points bearing north and south of each other may be ascertained 
by referring them to the subdivisions between the same parallels. Distances repre- 
sented by lines at an angle to the meridians (loxodromic lines) may be measured 
by taking between the dividers a small number of the subdivisions near the middle 
latitude of the line to be measured, and stepping them off on that line. If, for 
instance, the terrestrial length of a line running at an angle to the meridians between 
the parallels of latitude of 24°00’ and 29°00’ be required, the distance shown on the 
neat space between 26°15’ and 26°45’ (=30 nautical miles) may be taken between 
the dividers and stepped off on that line. 

Coast lines and other positions are plotted on the chart by their latitude and 
longitude. A chart may be transferred from any other projection to that of Mer- 
cator by drawing a system of corresponding parallels and meridians over both charts 
so close to each other as to form minute squares, and then the lines and characters 
contained in each square of the map to be transferred may be copied by the eye in the 
corresponding squares of the Mercator projection. | | 

Since the unit of measure, the mile or minute of latitude, has a different value 
in every latitude, there is an appearance of distortion in a Mercator chart that covers 
any large extent of surface; for instance, an island near the pole will be represented 
ee much larger than one of the same size near the equator, due to the progressive 
magnification necessary to preserve the character of the projection. 

The polyconic projection.—This projection is based upon the development of the 
earth’s surface on a series of cones, a different one for each parallel of latitude, each 
one having the parallel as its base, and its vertex in the point where a tangent to the 
earth at that latitude intersects the earth’s axis produced. The degrees of latitude 
and longitude on this chart are projected in their true length, and the general distor- 
tion of the nels is Jess than in any other method of projection, the relative magni- 
tudes being closely preserved. 

A straight line on the polyconic chart represents a near approach to a great 
circle, making a slightly different angle with each successive meridian as the meridians 
converge toward the pole and are theoretically curved lines; but it is only on charts 
of large extent that this curvature is apparent. The parallels are also curved, this 
fact being apparent to the eye upon all excepting the largest scale charts. 

This method of projection is especially adapted to the plotting of original surveys. 

Gnomonic projection.— This is based: upon a system in which the plane of pro- 
jection is tangent to the earth at some given point. The eye of the observer is situated 
at the center of the sphere, where, being at once in the plane of every great circle, it 
will see all such circles projected as straight lines where the visual rays passing through 
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them intersect the plane of projection. In a gnomonic chart the straight line between 
any two points represents the arc of a great circle, and is therefore the shortest line 
between those points. Gnomonic charts are mostly used to afford a ready means of 
finding the course and distance at any time in great circle sailing. They are not used 
for general navigation purposes except in the polar regions, for which latitudes a 
Mercator chart cannot be readily constructed. 

When the plane of projection is tangent at the pole the chart is called a polar 
chart, upon which the meridians appear as straight lines radiating symmetrically from 
the pole, and the parallels appear as concentric circles whose center is the pole. 

Lambert projection.—This is based upon the development of the earth’s surface 
on the surface of a cone which intersects the spheroid at two parallels, which are 
called the standard parallels for the area represented. On the two selected parallels, 
arcs of longitude are represented in their true lengths, or to exact scale. Between 
these standard parallels the scale will be too small and beyond them too large, but for 
charts of average small areas the percentage of error is negligible. All meridians 
are straight lines which meet in a common point beyond the limits of the chart. 
The parallels are concentric circles whose center is at the point of intersection of the 
meridians. Meridians and parallels intersect at right angles, and the angles formed 
by ae two lines on the earth’s surface are correctly represented on this projection. 

@ projection is called a conformal projection or development, because of the 
‘property that,all small or elementary figures found or drawn upon the surface of the 
earth retain their original forms upon the projection. 

Great circle courses on this chart intersect each meridian at a different angle 
but as laid on the chart they are practically a straight line. This feature has made 
the Lambert projection well suited for aviation charts. 

Greenwich meridian.—The nautical charts published by the United States and 
by most foreign governments use the meridian which passes through the observatory 
at Greenwich, England, as a base or origin for longitude. Other meridians used in 
addition by other countries are: The meridian of Pulkowa meager Sear in longitude 
30°19’40’’ east of Greenwich, by the U. 8. S. R.; the meridian of the Observatory of 
Paris in longitude 2°20'14.6’’ east of Greenwich, by France; the meridian of the 
Observatory of Lisbon Castle in longitude 9°07’54.86’’ west of Greenwich, by Portu- 
gal; and the meridian of San Fernando Observatory of Cadiz in longitude 6°12’20’ 
west of Greenwich, by Spain, in some of the older charts. 

Bottom characteristics.—The following table shows the qualities of the bottom, 
as expressed on charts of various nations: 


United States ae en French Italian Spanish German 
Clay.......--.. Cl. | Clay.....-- Cy. orcl. | Argile..-... Arg. | Argila........- arg. | Arcilloor Barro.Arc. | Lehm.-.......... lL. 
Coral.......-.. Co. | Coral. ..-- Co. or cri. | Corail...... Cor. | Cas&jo........- Co. | Coral.........-- Cl. | Korallen........ Kor. 
Gravel_......... G. | Gravel.._.-- G. org. | Gravier_....-. Gr. | Rena or Ghiaja.gh. | Cas@jo.......... Co. | Kies.............. K. 
Mod. ...--.-.-- M. | Mud......- M.orm. | Vase. ....-.-- V. | Fango.........-. f. | Fangoor Luno...F. | Schlamm....... Schl. 
Rooky.........rky. | Rock....... R. or rk. | Roche.--...-- R. | Roccia.._.....--- r. | Piedra or Roca..P. | Felsig...........- fis. 
Send. ........... S. | BSand......--. S.ors. | Sable.......... 8. | S&bbia or Aréna.s. | Arena...........A. | Sand__..........8d. 
Shells. _......-- Sh. | Shells_..... Sh. orsh. | Coquille....Coq. | Conchiglia_.....-. c. | Conchuela...... Ca. | Muscheln._-..... M. 
Stones........-- St. | Stones...... St. or st. | Pierre._.....- Pi. | Pietre........... p. | Piedra_.......... P. | Steine..-.....-... St 
Weed. ........ Wd. | Weed....Wd. or wd. | Herbe..._.... H. | Alga......-..-. alg. | Alga........... Alg. | Gras...........- Grs 
Fine..........- fne. | Fine..............- a ep |: (en penerae fin. | Fino__.._.....- fin. | Fima__......-...2. f. | Fein_.......22.-222 f. 
Coarse. ....-.-- crs. | Coarse.-..-..-..--- c. | Gros...-..-.--g. | Grosso._...-.--- gr. | Gruesa..........- g. | Grob....._.....-- gb. 
Stiff........... stf. | Stiff........ st. orstf. | Dure_......... d. | Tenace...........-. Tenaz.............- Schlick..........8k. 
Boft..........- sft. | Soft.......- so. or sft. | Molle......-- m. | Molle.........- ml. |} Blando........ bdo. | Weich.......... weh. 
Black..........bk. | Black.-... bl. or bik. | Noir.......-... n. | Nero.........per. | Negro............ n. | Schwarsz........... ry 
Red. ......-.-.- rd. | Red............-. rd. | Rouge.......-. r. | Rosse.............- Rojo........-....- TT ROteci cot ccscbes f 
Yellow.......... yl. | Yellow._.........- y. | Jaune....-...-- j. | Giallo.........-.- gl. | Amarillo...-.. amo. | Gelb.............. &. 
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Depth measures.—The following table shows the units of measure employed in 
expressing the soundings on modern nautical charts of foreign nations together with 
their equivalent unit of measure used on the charts published by the United States: 


Equivalent in United Equivalent in United 
Nationality of Unit of sound- States units Nationality of Unit of sound- States units 
chart ings chart ings 

Feet Fathoms Feet Fathoms 
Argentine___.| Braza_--.-- 6. 000 1. 000 || Japanese- ---- Metre--_-_--- 3. 281 0. 547 
Belgian. -----| Metre._..-. 3. 281 . 547 || Norwegian.__| Metre____-- 3. 281 . 547 
British---_ ~~ - Fathom.-_..| 6.000 1. 000 or favn____- 6. 176 1. 029 
Chilean - — __-- etro____.- 3. 281 . 547 || Portuguese___| Metro___._- 3. 281 7 
Danish.__._..| favn___..-- 6. 176 1. 029 ussian.._-. -- jene____- 6. 000 1. 000 
or Metre_._| 3. 281 . 547 or Metre__-_| 3. 281 . 547 
Dutch-._---- vadem _..-. 5. 905 . 984 || Spanish -----_ Metro_.__.- 3. 281 . 547 
or metre__..| 3. 281 . 547 || Swedish_----_- Metre___-_-- 3. 281 . 547 
French_-_. ~~~ - Metre_._-_--- 3. 281 . 547 orfamn_..__| 5. 844 . 974 
German... -- - Metre_.....| 3. 281 . 547 || Yugoslav.....| Metre... _.-- 3. 281 . 547 

Italian... -_._ Metre...-.- - 3. 281 547 


THE BAROMETER 


The barometer is an instrument for measuring the pressure of the atmosphere, 
and is of great service to the mariner in affording a knowledge of existing meteoro- 
logical conditions and of the probable changes therein. There are two classes of 
barometer—mercurial and aneroid. 

Barometric pressure is measured in inches, or by the centimeter-gram-second 
unit of pressure, which 1s the dyne per square centimeter. This unit 1s so small, that 
a practical unit one million times larger, called a BAR, is substituted. The bar is 
equivalent to one thousand millibars. 

A millibar is equal to the pressure of 1,000 dynes per square centimeter. The 
average pressure at sea level is 760 m. m., or 1,013 millibars, or 29.91 inches. : 

he mercurial barometer.—This instrument, invented by Torricelli in 1643, — 
indicates the pressure of the atmosphere by the height of a column of mercury. 

If a glass tube of uniform internal diameter somewhat more than 30 inches in 
length and closed at one end be completely filled with pure mercury, and then placed, 
Open end down, in a cup of mercury (the open end having been temporarily sealed to 
retain the liquid during the process of inverting), it will be found that the mercury 
in the tube will fall until the top of the column is about 30 inches above the level of 
that which is in the cup, leaving in the upper part of the tube a vacuum. Since the 
weight of the column of mercury thus left standing in the tube is equal to the pres- 
sure by which it is held in position—namely, that of the atmospheric air—it follows 
that the height of the column is subject to variation upon variation of that pressure; 
hence the mercury falls as the pressure of the atmosphere decreases and rises as that 
pressure increases. The mean gigas of the atmosphere is roughly 15 pounds to the 
square inch; the mean height of the barometer is about 30 inches. 

In the practical construction of the barometer the glass tube which contains the 
mercury is encased in a brass tube, the latter terminating at the top in a ring to be 
used for suspension, and at the bottom in a flange, to which the several parts forming 
the cistern are attached. The upper part of the brass tube is partially cut away to 
expose the mercurial column for observation; abreast this opening is fitted a scale 
for measuring the height, and along the scale travels a vernier for exact reading; the 
motion of the vernier is controlled by a rack and pinion, thé latter having a milled 
head accessible to the observer, by which the adjustment is made. In the middle 
of the brass tube is fixed a thermometer, the bulb of which is covered from the outside 
but open toward the mercury, and which, being nearly in contact with the glass 
tube, indicates the temperature of the mercury and not that of the external air. 
The central position of the column is selected in order that the mean temperature 
may be obtained—a matter of importance, as the temperature of the mercurial col- 
umn must be taken into account in every accurate application of its reading. 

In the arrangement of further details mercurial barometers are divided into two 
classes, according as they are to be used, as standards (fig. 14) on shore, or as sea 
barometers (fig. 13) on shipboard. 


s 
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_ In the standard barometer the scale and vernier are so graduated as to enable 
an obeerver to read the height of the mercurial column to the nearest 0.002 inch, 
while in the sea barometer the reading cannot be made closer than 0.01 inch. | 

The instruments also differ in the method of obtaining the true height of the 
mercurial column at varying levels of the liquid in the cistern. It is evident that as 
the mercury in the tube rises, upon increase of atmospheric pressure, the mercury 
in the cistern must fall; and, conversely, when the mercurial column falls the amount 
of fluid in the cistern will thereby be increased and a rise of level will occur. As the 
poner of the mercurial column is required above the existing level 
in the cistern, some means must be adopted to obtain the true 
height under varying conditions. In the standard barometer 
the mercury of the cistern is contained in a leather bag, against 
the bottom of which presses the point of a vertical screw, the 
milled head of the screw projecting from the bottom of the 
instrument and thus ee it under control of the observer. 
By this means the surface of the mercury in the cistern (which 
is visible through a glass casing) may be raised or lowered until 
it exactly coincides with that level which is chosen as the zero of 
the scale, and which is indicated by an ivory pointer in plain view. 

In the sea barometer there is no provision for adjusting the 
level of the cistern to a fixed point, but compensation for the 
variable level is made in the scale graduations; a division repre- 
senting an inch on the scale is a certain fraction short of the 
true inch, proper allowance being thus made for the rise in level 
which occurs with a fall of the column, and for the reverse 
condition. | 

Further modification is made in the sea barometer to adapt 
it to the special use for which intended. The tube toward ite 
lower end is much contracted to prevent the oscillation of the 
mercurial column known as “pumpimg,” which arises from the 
motion of the ship; and just below this point is a trap to arrest 
any small bubbles of air from finding their way upward. The 
instrument aboard ship is suspended in a revolving center ring 
in gimbals, supported on a horizontal brass arm which is screw 
to the bulkhead; a vertical position is thus maintained by the 
tube at all times. 

The vernier is an attachment for facilitating the exact read- 
ing of the scale of the barometer and is also applied to many 
other instruments of precision, as, for example, the sextant and 
theodolite. It consists of a metal scale similar in general con- 
struction to that of the instrument to which it is fitted, and 
a to move alongside of and in contact with the main scale. 

e general principle of the vernier requires that its scale 
shall have a total os exactly equal to some whole number 
of divisions of the scale of the instrument and that this length 
shall be subdivided into a number of parts equal to 1 more or | 
Froune 13. 1 less than the number of divisions of the instrument scale which *'3?"* 

' are covered; thus, if a space of 9 divisions of the main scale be | 
designated as the length of the vernier, the vernier scale would be divided into 
either 8 or 10 parts. 

Sup at a barometer scale be divided into tenths of an inch and that a 
] a 9 divisions of such a scale be divided into 10 parts for a vernier (fig. 15); 
and suppose that the divisions of the vernier be numbered consecutively from zero 
at the origin to 10 at the upper extremity. If, now, by means of the movable rack 
and pinion, the bottom or zero division of the vernier be brought level with the top 
of the mercurial column, and that division falls into exact coincidence with a division 
of the main scale, then the height of the column will correspond with the scale reading 
indicated. In such a case the top of the vernier will also exactly coincide with a scale 
division, but none of the intermediate divisions will be evenly abreast of such a 
division; the division marked ‘‘1” will fall short of a scale division by one-tenth of 1 
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division of the scale, or by 0.01 inch; that marked “2” by two-tenths of a division, 
or 0.02 inch; and so on. If the vernier, instead of having the zero coincide with a 
scale division, has the division ‘‘1’’ in such coincidence, it follows that the mercurial 
column stands at 0.01 inch above that scale division which is next below the zero; 
for the division ‘‘2,’’ at 0.02 inch; and similarly for the others. In the case portray 
in figure 15, the reading of the column is 29.81 inches, the scale division next helo the 
zero being 29.80 inches, while the fact that the first division is abreast a mark of the 
scale shows that 0.01 inch must be added to this to obtain the exact reading. 
Had an example been chosen in which 8 vernier divisions covered 9 scale divi- 

sions—that is, where the number of vernier divisions was 1 less than the number of 
scale divisions covered—the principle would still have applied. But, instead of the 
length of 1 division of the vernier falling short of a division of the scale by one-tenth 
the length of the latter, it would have fallen beyond by one-eighth. To read in such 
a case 1t would therefore be necessary to number the vernier divisions from up down- 
ward and to regard the subdivisions as > instead of 0.01 inch. 

It 1s a general rule, that the smallest measure to which a vernier reads 

is equal to the length of 1 division of the scale divided by the number of 
« divisions of the vernier; hence, by varying either the scale or the vernier, the 

desired subdivision may be obtained. 

The sea barometer is arranged as described for the instrument assumed 
in the illustration; the scale divisions are tenths of an inch, and the vernier 
has 10 divisions, whence it reads to 0.01 inch. It is not necessary to seek a 
closer reading, as complete accuracy is not attainable in observing the height 
of a barometer on a vessel at sea, nor is it essential. The standard barom- 
eter on shore, however, is capable of very exact reading; hence each scale 
division is made equal to half a tenth, or 0.05 inch, while a vernier covering 
24 such ona is divided into 25 parts; hence the column may be read to 
0.002 inch. 

To adjust the vernier for reading the height of the mercurial column the 
a should be brought exactly on a level with the top of the column; that is, 
the line of sight should be at right angles to the scale. When properly set, the 
front and rear edges of the vernier and the uppermost point of the mercury 
* should all be in the line of feb A piece of white paper, held at the back of 
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the tube so as to reflect the light, assists in accurately setting the vernier by 
Fiovazis, day, while a small bull’s-eye lamp held behind the instrument enables the 

observer to get a correct reading at night. When observing the barometer it 
should hang freely, not being inclined by holding or even by touch, because any 
inclination will cause the column to rise in the tube. 

Other things being equal, the mercury will stand higher in the tube when it is 
warm than when it is cold, owing to expansion. For the purposes of comparison 
all barometric observations are reduced to a standard which assumes 32° F. as the 
temperature of the mercurial column, and 62° F. as that of the metal scale; it is 
therefore important to make this reduction, as well as that for instrumental error, 
in order to be enabled to el veg the true barometric pressure with the normal that 
may be expected for any locality. The following table gives the value of this correc- 
tion for each 2° F., the plus sign showing that the correction is to be added to the 
reading of the ship’s barometer and the minus sign that it is to be subtracted: 


Correction Temperature | Correction Temperature | Correction Temperature 
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_ _ As an example, let the observed reading of the mercurial barometer be 29.95 
inches, and the temperature as given by the attached thermometer 74°; then, 
vs 


Observed height of the mercury__--_-___-_---------- 29. 95 
Correction for temperature (74°)_.__._._.-.---_-_-- —0. 12 


Height of the mercury at standard temperature. 29. 83 - 


Millibar readings.—The diagram below enables the mariner to convert millibars 
and millimeters into inches and vice versa. 


36 2 

The aneroid barometer.—This is an instrument in which the pressure of the air 
is measured by means of the elasticity of a plate of metal. It consists of a cylindrical 
brass box, the metal in the sides being very thin; the contained air having been 
partially, and in some instruments completely, exhausted, the box is hermeticall 
sealed. When the pressure of the atmosphere increases the inclosed air is compr ; 
the capacity of the box is diminished, and the two flat ends approach each other; when 
the pressure of the atmosphere decreases, the ends recede from one another in conse- 
quence of the rebound of the spring as external pressure is released. By means of a 
combination of levers, this motion of the ends of the box is communicated to an index 

inter which travels over a graduated dial plate, the mechanical arrangement 
eing such that the motion of the ends of the box is magnified many times, a very 
minute movement of the box making a considerable difference in the indication of 
the pointer. The graduations of the aneroid scale are obtained by comparison with . 
the correct readings of a standard mercurial barometer under normal and reduced 
atmospheric pressure (see fig. 16). 

e thermometer attached to the aneroid barometer is more for convenience 
in indicating the temperature of the air, but as regards the instrument itself no cor- 
rection for temperature can be applied with certainty. Aneroids, as now manufac- 
tured, are compensated for temperature by the use of different metals having unequal 
coefficients of expansion, or by other means. They ought, therefore, to show the same 
pressure at all temperatures. ; 

The aneroid barometer, from its small size and the ease with which it may be 
transported, can often be usefully employed under circumstances where a mercurial 
barometer would not be available. tt also has an advantage over the mercurial 
instrument in its greater sensitiveness, and the fact that it gives earlier indications 
of change of pressure. It can, however, be relied upon only when frequently com- 

with a standard mercurial barometer; moreover, considerable care 1s required 
in its handling; while slight shocks will not ordinarily affect it, a severe jar or iock 
may change its indications by a large amount. 

When in use the aneroid barometer may be suspended verry or placed flat, 
but changing from one position to another ordinarily makes a sensible change in the 

ings; the instrument should always, therefore, be kept in the same position, and 
the errors determined by comparisons made while occupying its customary place. 

Barometer comparison.—To determine the reliability of the ship’s barometer, 
whether mercurial or aneroid, comparisons should from time to time be made with a 
standard barometer. Nearly all instruments read either too high or too low by a 
small amount. These errors arise, in a mercurial barometer, from the improper 

lacing of the scale, lack of uniformity of caliber of the glass tube, or similar causes. 
in order to reduce mercurial] barometer readings to a common standard, the barometer 
readings should be corrected for temperature of mercury column, for height of barometer 
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Fiacure 16.—Aneroid barometer. 
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above sea level, and for correction to reduce observed reading to standard 
gravity. In an aneroid barometer, which is less accurate and in which there is even 
more necessity for frequent comparisons, errors may be due to derangement of any 
of the various mechanical features upon which its working depends. The errors of » 
the barometer should be determined for various pressure readings, as they are seldom 
the same at all parts of the scale. | 

In the principal ports of the world standard barometers are observed at specified 
times each day, and the readings, reduced to zero and to sea level, are published. 
Readings of a barometer on shipboard in these ports may be made at the specified 
hours, and the observing officer may thus, by comparing his readings with the official 
readings, secure a correction for his instrument. In the United States the Weather 
Bureau makes official comparisons of ships’ barometers. The readings of the barom- 
eters to be compared are entered on cards furnished for the purpose. These cards 
are sent to the Weather Bureau office, where the comparison is made, and the ships 
are then informed as to the corrections obtained. 

The reduction of the mercurial to standard gravity for 30 inches from latitude 0° 
to 10° is —0.08 inch, latitude 15° is —0.07 inch, latitude 20° is —0.06 inch; latitude 
25° is —0.05 inch; latitude 30° is —0.04 inch; latitude 35° is —0.03 inch; latitude 40° 
is —0.01 inch; latitude 45° is 0.0 inch; latitude 50° is +0.01 inch; and latitude 60° is 
+0.04 mch. 

Aneroid barometers may be adjusted for instrumental error by moving the index 
hand, but this is usually done only in the case of errors of considerable magnitude 
and should not be done promiscuously as it may result in damage to the instrument. 

Determination of i by barometer.—The barometer may be used to 
determine the difference in heights between a ta stations by means of the differ- 
ence in atmospheric pressure between them. approximate rule is to allow 0.0011 
inch for each difference in level of 1 foot, or, more roughly, 0.01 inch for every 9 feet. 

A very exact method is afforded by Babinet’s formula. If B, and B represent 
the barometric pressure (corrected for all sources of instrumental error) at the lower 
and at the upper stations respectively, and f, and ¢ the corresponding temperatures of 
the air, and C a computed value; then, 


oe ee B,—B 
| Diff. in height=C Xp TR 
If the temperatures be taken by a Fahrenheit thermometer, 


t-+t—64\, 


if a centigrade thermometer is used, 


, _ 2 (to+t)) 

The barograph.—The barograph is an aneroid barometer provided with a lever 
which records variation of pressure on a revolving drum driven by clock work. It 
enables an observer to detect casual errors in the reading of the marine barometer 
and also gives a continuous record of barometric pressure for reference. _ 


THE THERMOMETER 


The thermometer is an instrument for indicating temperature. It is constructed 
on the principle that bodies expand with increase of temperature and contract with 
decrease. In its most usual form the thermometer consists of a bulb filled with 
mercury, connected with a tube of very fine cross-sectional area upon which a scale is 
etched. The liquid column rises or falls in the tube according to the volume of the 
mercury due to the actual degree of heat, the height of the mercury indicating upon 
the e the temperature. The mercury contained in the tube moves in & vacuum 
produced by the expulsion of the air through boiling the mercury and then closing the 
top of the tube by means of the blowpipe. 

There are two classes of thermometer, distinguished according to the method of 
graduating the scale as follows: The Fahrenheit, in which the freezing point of 
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water is placed at 32° and its boiling point (under normal atmospheric pressure) at 
212°; the centigrade, in which the freezing point is at 0° and the boiling point at 
100°. The Fahrenheit thermometer is generally used in the United States and - 
land. Tables will be found in this work for the interconversion of the two scale - 
ings (Table 16). 

The thermometer is a valuable inh tional instrument not only by reason of 
the aid it affords in judging meteorological conditions from the temperature of the air 
and the amount of moisture it contains, but also for the evidence it furnishes at 
times, through the temperature of the sea water, of the ship’s position and the prob- 
able current that is being encountered. 

Hygrometer.— The thermometers employed in determining the temperature of the 
air (wet and dry bulb) and of the water at the surface, should be mercurial, and of 
some standard make, with the graduation etched upon the glass stem; they should 
be compared with accurate standards, and 
should be accompanied by a tabulation show- 
ing the variation of their readings from the 
true throughout the scale. 

The dry-bulb thermometer gives the tem- 
perature of the free air. The wet-bulb ther- 
mometer, an exactly similar instrument, the 
bulb of which is surrounded by an envelope of 
moistened cloth, gives what is known as the 
temperature of evaporation, which is always 
somewhat less than the temperature of the 
free air. Provided the ventilation of the wet 
bulb is vigorous, the difference of the temper- 
atures shown by the dry bulb and the wet 
bulb, called, when in combination, a hygrom- 
eter, will indicate how near the air is to the 
0 )\- Seen) state of saturation; that is, how near the air 
Bie || 7) is to that point at which condensation will 
Beil occur and some of its moisture (water vepor) 

be precipitated in the form of liquid. ith 
the envelope of the wet bulb removed, the 
two thermometers should read precisely the 
same; otherwise they are practically useless. 

The two thermometers, the wet and the 
dry bulb, should be hung within a few inches 
of each other, and the surroundings should 
be as far as possible identical. In practice 
the two thermometers are generally inclosed within a small lattice case, such as 
that shown in figure 17; the case should be placed in a position on deck remote 
from any source of artificial heat, sheltered from the direct rays of the sun, and 
from the rain and spray, but freely exposed to the circulation of the air; the door 
should be kept closed except during the process of reading. The cloth envelope of 
the wet bulb should be a single thickness of fine muslin, tightly stretched over the 
bulb, and tied with a fine thread. The wick which serves to carry the water from 
the cistern to the bulb should consist of a few threads of lamp cotton, and should 
be of sufficient length to admit of 2 or 3 inches being coiled in the cistern. The 
muslin envelope of the wet bulb should be at all times thoroughly moist, but 
not dripping. 

When the temperature of the air falls to 32° F. the water in the wick freezes, 
the capillary action is at an end, the bulb in consequence soon becomes quite dry, 
and the thermometer no longer shows the ein areal of evaporation. At such 
times the bulb should be thoroughly wetted with ice-cold water shortly before the 
time of observation, using for this al ears a camel’s hair brush or feather; by this 

rocess the temperature of the wet bulb is temporarily raised above that of the 
ry, but only for a brief time, as the water quickly freezes; and inasmuch as evapora- 
tion takes place from the surface of the ice thus formed precisely as from the sur- 
face of the water, the thermometer will act in the same way as if it had a damp bulb. 
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The wet-bulb thermometer can not properly read higher than the dry, and if the 
reading of the wet bulb should be the higher, it may always be attributed to imper- 
fections in the instruments. 

Relative humidity Knowing the temperature of the wet and dry bulbs, the 
relative humidity of the atmosphere at the time of observation may be found from the 
following table: 


Temperature Difference between dry-bulb and wet-bulb readings 
of the air, 


22 
26 
29 
32 
35 
37 
40 
42 
44 
46 
48 
50 
51 
53 
54 
55 
57 
58 
59 
60 
61 
62 
63 
63 
64 
65 


The table may be readily understood. For example, if the temperature of the 
air (dry bulb) be 60°, and the temperature of evaporation (wet bulb) be 56°, the 
difference being 4°, look in the column headed ‘“Temperature of the air” for 60°, 
and for the figures on the same line in column headed 4°; here 78 will be found, 
which means that the air is 78 percent saturated with water vapor; that is, that the 
amount of water vapor present in the atmosphere is 78 percent of the total amount 
that it could carry at the given temperature (60°). This total amount, or saturation, 
is thus represented by 100, and if there occurred any increase of the quantity of 
vapor beyond this point, the excess would be precipitated in the form of liquid. 
Over the ocean’s surface the relative humidity is generally about 90 percent, or even 
higher in the doldrums; over the land in dry winter weather it may fall as low as 
40 percent. 

PiThe dew point.—This is the temperature at which the moisture suspended in the 
atmosphere will commence to condense to form dew. The difference between the 
readings of the dry-bulb and wet-bulb thermometers may also be employed to find 
the temperature of the dew point, since the factor by which this difference must be 
multiplied in order to give the difference between the dry-bulb thermometer and the 
dew point has been tabulated as follows: 
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Dew-point factors 


Dry bulb, °F. 
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Thus, in the former err if the table of dew-point factors be entered with 
the temperature of the dry b (60° F.), the factor 1.88 will be found on the same 
line. is factor, multiplied by 4°, the difference between the anna of the dry- 
bulb and wet-bulb thermometers, will pe 7%°, which is the amount that the tem- 
perature of the dew point is below the temperature of the air (dry bulb). The 
temperature of the dew point would therefore be 52° F. 

Surface temperature.—This is obtained either by dipping up a sample of the 
surface water in a canvas bucket, or from readings obtained from the condenser-intake. 

When sea ee ed the first method, a canvas bucket having some vertical stiffening 
and an extra middle ring to prevent collapsing when entering the water is desirable. 
The bucket, containing no residual water, should be thrown overboard well forward, 
and clear of any servrek ¥ pipes. After sample of water is obtained, haul bucket up 
quickly, and carry to a sheltered spot where the original temperature of water sample 
will not be affected by wind or sunshine. Place thermometer in bucket and stir 
contents with it, keepmg the bulb submerged. Then read temperature to nearest 
tenth of a degree, still keeping the bulb submerged. 

Theoretically the condenser-intake temperature is not surface temperature, but 
the water is usually so well stirred up by wave action that its temperature is essentially 
uniform to that depth. It is a much simpler and shorter means of obtaining water 
temperatures. The only errors of importance come from the imperfect installation 
of the intake thermometer, which should be mounted on the centrifugal pump or 
between the pump and the ship’s side, where true sea water temperatures will .be 

ven. 
- THE LOG BOOK 

The log book is an official record of the vessel’s cruise authenticated by the 
signatures of watch officers, the navigator, and commanding officer; and, as such, is 
an important accessory in navigation. In its navigational aspect it should afford 
among other things all the data from which the position of the ship is established by 
the method of dead reckoning and should comprise a record of meteorological observa- 
tions, which should be made not only for the purpose of foretelling the weather during 
the voyage, but also for contribution to the general fund of marine meteorology. 

A convenient form for recording the navigational data and meteorological data, 
which is employed for the log books of United States naval vessels, is shown on page 
51; besides the tabulated matter thus arranged, to which one page of the log is in part 
devoted, another page bears a narrative of the navigational and other events of the 
day, written by watches and signed by the proper officers. The Navy Regulations 
prescribe in detail and at length the matter to be entered in the log. 
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True direction and force of wind.— When steaming or sailing with any consider- 
able speed, the apparent direction and force of the wind, as determined from a vane 
flag, or pennant aboard ship, may differ materially from the true direction and force, 
the reason being that the air Bo ies to come from a direction and with a force de- 
pendent, not only upon the wind itself, but also upon the motion of the vessel. For 
instance, suppose that the wind has a velocity of 20 knots (force 5), and take the case 
of two vessels, each steaming 20 knots, the first with the wind dead aft, the second’ 
with the wind dead ahead. The former vessel will be moving with the same velocity 
as the air and in the same direction; the velocity of the wind relatively to the shi 
will thus be zero; on the vessel an apparent calm will prevail and the ant will 
hang up-and-down. The latter vessel will be moving with the sarhe velocity as the 
air, but in the opposite direction; the relative velocity of the two will thus be the sum 
of the two velocities, or 40 knots, and on the second vessel the wind will apparently 
have the velocity corresponding very nearly with a fresh gale. Again, it might be 
shown that in the case of a vessel steaming west at the rate of 20 knots, with the 
wind blowing from north with the velocity of 20 knots, the velocity with which the 
air strikes the ship as a result of the combined motion will be 28 knots, and the diree- 
tion from which 1t comes will be northwest. If, therefore, the effect of the speed of 
the ship is neglected the wind will be recorded as northwest, force 7, when in reality 
it is north, force 5. 

In order to make a proper allowance for this error and arrive at the true direction 
and force of the wind, a vector diagram or the traverse tables may be used. The 
known factors are, the course and speed of own vessel, and the apparent force and 
direction of wind: The resultant is the true force and direction of wind. 

Weather Symbols.—To designate the state of the weather a series of letters 
devised according to the Beaufort notation is employed. The system employed in 
the United States is as follows: 


STATE OF WEATHER 
(Letters to be used in recording the weather) 


b.—Blue sky, cloudless. o.— Overcast. 
be.— Blue sky with detached clouds. p.— Passing showers of rain. 
e.—Sky mainly cloudy. q.—Squally weather. 
d.— Drizzling, or light rain. r.—Rainy weather, or continuous rain. 
e.— Wet air, without rain. s.—Snow, snowy weather, or snow falling. 
f.—Fog, or foggy weather. t.— Thunder. 
g-—Gloomy, or dark, stormy-looking weather. u.— Ugly appearance, or threatening weather. 
h.— Hail. v.— Variable weather. 
1.— Lightning. w.— Wet, or heavy dew. 
m.— Misty weather. z.—Hazy weather. 


Great intensity of any weather feature may be indicated by an underline thus: 
r., heavy rain. 
~  Clouds.—The atmosphere holds in suspension a limited quantity of water vapor 
in an invisible state. en the temperature is lowered, the capacity to hold this 
water is reduced. For example, in a place over the ocean where the atmospheric 
hice is lower than that of surrounding areas, the ascending air carries with it a 
arge quantity of water vapor resulting from the evaporation of the water. As this 
column of water vapor Ale eas rises, it expands with loss of heat, owing to the rarer 
air of the upper regions. This loss, together with the low temperature of these upper 
regions, causes the vapor to condense as a cloud. The cloud may keep its level, or 
increase its altitude depending upon the vertical velocity of the air and the size of 
the cloud. The amount of water either as liquid or ice in the air is small, the cloud 
not giving off the water as rain, or hail, or snow, but being only the visible marker 
of the place where condensation is going on. The following are the principal forms 
of clouds, named in the order of the altitude above the earth at which they usually 
occur, beginning with the most elevated. The symbols by which each is designated 
follows its name. 

1. Cirrus (Ci.).—Detached clouds of delicate and fibrous appearance, often showing 
a featherlike structure, generally of a whitish color. Cirrus eloude take the most varied 
shapes, such as isolated tufts, thin filaments on a blue sky, threads spreading out in 
the form of feathers, curved [or straight] filaments ending in tufts, sometimes called 
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Cirrus uncinus, etc.; they are sometimes arranged in parallel belts which cross a portion 
of the sky in a great circle, and by an effect of perspective appear to converge toward 
a pout on the horizon, or, if sufficiently extended, toward the opposite point also. 
(Ci.-St. and Ci.-Cu., etc., are also sometimes arranged in similar bands.) 

2. Cirro-stratus (Ci.-St.).—A thin, whitish sheet of clouds sometimes covering the 
sky completely and giving it only a milky appearance (it is then called Cirro-nebula), 


at other times presenting, more or less distinctly, a formation like a tangled web. 
This sheet often produces halos around the sun and moon. (See fig. 18.) 
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Ficure 18.—Cirro-stratus clouds. 


3. Cirro-cumulus (Ci.-Cu.), Mackerel Sky.— Small bee masses or white flakes 
without shadows, or showing very slight shadows, arranged in groups and often in lines. 
4. Alto-stratus (A.-St.).— A thick sheet of gray or bluish color, sometimes forming a 
compact mass of dark gray color and fibrous structure. At other times the sheet is 
_ thin, resembling thick Gi St. and through it the sun or the moon may be seen dimly 
leaming as through ground glass. This form exhibits all changes peculiar to Ci-St., 
But from measurements its average altitude is found to be about one-half that of Ci-St. 
5. Alto-cumulus (A.-Cu.), Great Waves.—Largish globular masses, white or gray- 
1h, partly shaded, arranged in groups or lines, and often so closely packed that their 
edges appear confused. ‘The detached masses are generally larger and more compact 
(resem fing St.-Cu.) at the center of the group, but the thickness of the layer varies. 
At times the masses spread themselves out and assume the appearance of small waves 
or thin slightly curved plates. At the margin they form into finer flakes (resembling 
Ci.-Cu.). They often spread themselves out in lines in one or two directions. 

6. Strato-cumulus (St.-Cu.).— Large globular masses or rolls of dark clouds often 
covering the whole sky, especially in winter. Generally St.-Cu. presents the appearance 
of a gray layer irregularly broken up into masses of which the edge is often formed of 
smaller masses, often of wavy appearance resembling A.-Cu. Sometimes this cloud- 
form presents the characteristic appearance of great rolls arranged in parallel lines 
and pressed close up against one another. In their centers these rolls are of a dark 
color. Blue sky may be seen through the intervening spaces which are of a much 
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lighter color. (Roll-cumulus in England, Wulst-cumulus in Germany.) St.-Cu. 
clouds may be distinguished from Nb. by their globular or rolled appearance, and by 
the fact that ey € are not generally associated with rain. 

7. Nimbus (Nb.), rain clouds.—A thick layer of dark clouds, without shape and 
with ragged edges, from which steady rain or snow usually falls. Through the open-— 
ings in these clouds an upper layer of Ci.-St. or A.-St. may be seen almost invariably. 
If a layer of Nb. separates into shreds in a strong wind, or if small loose clouds are 
visible floating underneath a large Nb., the cloud may be described as Fracto-nimbus 
(Fr.-Nb.) (“Scud” of sailors). 

8. Cumulus (Cu.), wool-pack clouds.— Thick clouds of which the upper surface is 
domeshaped and exhibits protuberances while the base is horizontal. These clouds appear 
to be formed by a diurnal ascensional movement which is almost always noticeable. 
When the cloud is opposite the sun, the surfaces facing the observer have a greater 
brilliance than the margins of the protuberances. When the light falls aslant, as is 
usually the case, these clouds throw deep shadows; when, on the contrary, the clouds 
are on the same side of the observer as the sun, they appear dark with bright edges. 

True Cumulus has well-defined upper and lower limits, but in strong winds a broken 
cloud resembling Cumulus is often seen in which the detached portions undergo con- 
tinual change. This form nae Aes distinguished by the name Fracto-cumulus (Fr.-Cu.). 

9. Cumulo-nimbus (Cu.-Nb.), the thunder-cloud; shower-cloud.— Heavy masses 
of cloud rising in the form of mountains, turrets, or anvils, generally surmounted by a 
sheet or screen of fibrous appearance (false Cirrus) and having at its base a mass of cloud 
simuar to nimbus. From the base local showers of rain or snow (occasionally of hail 
or soft hail) usually fall. Sometimes the upper edges assume the compact form of 
Cumulus, and form massive peaks round which delicate “false Cirrus’ floats. At 
other times the edges themselves separate into a fringe of filaments similar to Cirrus 
clouds. This last form is particularly common in spring showers. 

The front of thunder clouds of wide extent frequently presents the form of a large 
arc spread over a portion of a uniformly brighter sky. 

10. Stratus (St.).—A uniform layer of cloud resembling a fog but not resting on the 
ground. When this sheet is broken up into irregular shreds in a wind, or by the 
summits of mountains, it may be distinguished by the name Fracto-stratus (Fr.-St.). 

The attention of mariners is especially called to the value of observations of 
cirrus as this form of cloud is often closely connected with barometric depressions. 
If the Cirrus occurs in radiating bands crossing the sky, the point of convergence of 
these bands should be noted; if in the form of a cloud bank, or sheet, upon the horizon, 
the center, or point of greatest density of this bank should be observed. These points 
will sometimes serve to indicate in a general manner the direction of the center of 
any cyclonic disturbance. 

n the scale for the amount of clouds 0 represents a sky which is cloudless and 10 a 
sky which is completely overcast. 

Fog and cloud.—Clouds differ from fog, only in location Each is caused by the 
cooling of the atmosphere below the dew point, the cloud resulting from vertical convec- 
tion Is separated from the earth’s surface, but fog induced by low temperatures at the 
surface remains there during the process of formation. Fog is made up of droplets of 
water condensed and floating in the air near the surface, while clouds are particles of 
water or ice condensed and floating in the air far above the surface. 

Haze.—Haze is the obscurity of the air, which may occur in dry weather. It is 
sometimes caused by smoke or dust, or due to irregularities of density, causing irregu- 
lar refraction of the rays of light by which distant objects are seen. 

Water spouts.— Water spouts are tornadoes or whirlwinds which occur at sea. 
The spouts are conical with the point downward. They usually cause a rain cloud 
to be drawn down as a tapering funnel to the surface of the water. They should not 
be approached closely. 

St. Elmo’s fire-——Atmospheric electricity of low intensity is frequently sufficient 
to induce on masts, yards, a occasionally on stays or other parts of a vessel, a greater 
amount of electricity than the attenuated object can hold and what is called a brush 
ee takes place without audible noise, but frequently with a feebly luminous 

ow. 
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Aurora Borealis.—This is a beautiful phenomenon seen in the sky most frequently 
in high latitudes, but occasionally in other parts of the earth. It is classified as glows, 
arches, curtains, streamers, and corona. The color is usually white, but red, yellow, 
and green, are also common auroral colors. The curtain of light hangs parallel to the 
magnetic dipping needle. Auroras are more numerous during years of greatest sun- 
spots. Brilliant shifting auroras are always accompanied by magnetic storms which 
would indicate they are due to atmospheric electrical discharges. 

Halos and Coronas.—These rings or circles are seen around or some distance 
from the sun or moon. The halos result from the refraction of light in ice crystals, 
which compose the highest curus cloud and are more or less colored. 

Mirage.—The refraction and reflection of light rays through air adjacent to the 
earth’s surface which has air layers of different temperatures or humidity, hence dif- 
ferent densities, often give rise to distorted, displaced, or inverted images; this phe- 
nomenon is termed mirage. Suitable atmospheric conditions may occur in any region, 
but are most frequent over hot deserts. The image when seen across water is gener- 
ally raised and is called looming, or the coming into sight of objects normally below 
the horizon. Sometimes two or more images of the same object are seen. 

Visibility.—The following numerical scale is used in the United States Navy to 
indicate the distance away at which a prominent object can be seen under different 
atmospheric conditions: 

Fog and Visibility Scale 
(Numerals to be used in recording visibility] 


0.—Prominent objects not visible at 50 yards. 5.—Prominent objects not visible at 2 miles. 
1.—Prominent objects not visible at 200 yards. | 6.—Prominent objects not visible at 4 miles. 
2.—Prominent objects not visible at 500 yards. |7.—Prominent objects not visible at 7 miles. 
3.—Prominent objects not visible at 4% mile. 8.—Prominent objects not visible at 20 miles. 
4.—Prominent objects not visible at 1 mile. 9.—Prominent objects visible above 20 miles. 


State of the Sea is expressed by the following scale: 


Secale Description Height of wave Scale Description Height of wave 
0 | Calm sea..._-_-_- O or less than 1 foot. 5 | Very rough sea. -__| 8 to 12 feet. 
1 | Smooth sea- ----- 1 to 2 feet. 6 | High sea_._-__---- 12 to 20 feet. 
2 | Slight sea__..-.-- 2 to 3 feet. 7 | Very high sea_..-| 20 to 40 feet. 
3 | Moderate sea_---- 3 to 5 feet. 8 | Precipitous sea___| 40 feet and over. 
4 | Rough sea------- 5 to 8 feet. 9 | Confused sea- -- -- Record chief direction. 


0—None. 1. Short or average. 3. Short. 6. Short. 9. Confused. 
2. Long. 4. Average. 7. Average. 
5 ng. 8. Long. 


Direction from which swell is coming should be recorded. 
Confused swell should be recorded as “‘confused northeast,” if coming from direc- 
tion of northeast. 


HYDROGRAPHIO OFFICE PUBLICATIONS 


There are various publications issued by the United States Hydrographic Office 
dealing with special features of navigation, which should be regularly consulted. 
Among the most important of these are: 

Pilot Charts (surface) of the various oceans. These are published monthly for 
the North Atlantic, Central American waters, North Pacific and Indian Oceans, and 
quarterly for the South Atlantic and South Pacific Oceans. 

The Pilot Chart had its inception through the researches of Lt. Matthew Fontaine 
Maury, United States Navy, who, while in charge of this office during the early part 
of the nineteenth century, sought to expedite ocean passages through the collection 


NAVIGATION INSTRUMENTS AND ACCESSORIES 57 


of oceanographical and meteorological information from vessels, and the graphical 

presentation of these data on apEropnete charts. The Pilot Chart today is the out- 

Brow of the pioneer work undertaken by Maury, aptly known as The Pathfinder of 
e Seas. 

The Pilot Charts show the average winds, percentages of calms and gales, fog 
areas and percentages, magnetic Variations, ocean currents, routes to be followed by 
steam and sailing vessels, and many other features that assist the navigator in choosing 
the safest and most expeditious routes. Articles of timely interest to the seafarer are 
published on the backs of the Pilot Charts. . 

Pilot Charts (upper air), monthly, for the North Atlantic and North Pacific Oceans. 
These charts, similar in design to the surface Pilot Charts, furnish the aviator with 
information regarding the structure and conditions of the atmosphere at four levels, 
namely, the surface, 2,500, 5,000, and 10,000 feet, as well as other data relating to 
oceanic circulation, isogonic lines, isothermal lines of air and water, air routes, and 
articles of interest to the aviator. 

Hydrographic Bulletin, weekly, supplementing the Pilot Charts. The Bulletin 
contains accounts of obstructions and dangers along the coasts and the principal 
ocean routes. It also contains items relating to navigation, oceanography, and other 
scientific phenomena based largely on the contributions from the cooperating ob- 
servers of the Hydrographic Office. 

Radio Aids to Navigation (HO 205) contains a complete list of radio stations 
throughout the world which perform services of value to navigators upon the high 
seas and their adjacent waters, including direction-finding stations, radiobeacons 
and stations broadcasting navigational warnings, time-signals, distress signals, and 
weather. Detailed and general information for the various radio services are in- 
cluded, as well as international and various national regulations on radio traffic. 

Naval Air Pilots.—Publications designed primarily to furnish, in a convenient 
form, information of assistance to pilots in the navigation of aircraft when on extended 
flights outside of the United States. : 

Material for these publications is usually divided into two parts. 

Part I contains general information concerning routes, weather, flying conditions, 
also useful tables. 

Part II contains detailed information of airports and seaplane anchorages, the 
descriptive matter being supplemented with sketches and photographs. 

y Memorandum, carrying a synopsis of all important information relati 
to dangers and aids to navigation, including reports of ice, derelicts, etc., receiv 
up to 4 p. m. of the day of issue. Its more urgent reports are also broadcasted by 


oO. 
Notice to Mariners, weekly, giving changes in aids to eee (ights, buoys, 
and harbor construction), dangers to navigation (rocks, shoals, banks, bars), im- 
portant new soundings, and, in general, such facts as affect mariners’ charts, 
manuals, and pilots or sailing directions. 

Sailing Directions or books treating of certain divisions of the navigable waters 
of the globe, containing description of coast lines, harbors, and dangers; informa- 
tion of winds, currents, and tides; directions for approaching and entering harbors; 
and much other information to mariners that cannot be shown on charts or is not 
published elsewhere. ae as 

Light Lists giving detailed information of the position and character of lights, 
with a brief deseription of the lighthouses and of any accompanying fog signals. 
They relate to the lights of the world, except those of the United States and ita 
possessions, for which the U. S. Coast Guard publishes a list. _ 

Radio Information, relating to dangers to vessels either from collision with 
floating or fixed obstructions or inadequacy of or changes in aids to navigation, 1s 
collected and disseminated in certain zones on the Atlantic, Pacific, and Gulf coasts 
of the United States, and the Great Lakes, by the Hydrographic Office and the Naval 
Communication Service. Like service for the benefit of navigation is performed by 
other nations. 


CHAPTER III 
THE COMPASS ERROR 


CAUSES OF THE ERROR 


Magnetic poles.—The properties of magnets are such that when two magnets are 
near enough together to exert a mutual influence, those poles which possess like mag- 
netism repel each other, and those which possess unlike magnetism attract each other. 

The earth is a magnetized body, and acts like a great spherical magnet with 
poles of unlike magnetism situated within the Arctic and Antarctic circles close to 
71° N. 96° W. and 73° S., 156° E. of Greenwich, respectively. In common with 
magnets, the earth is surrounded by a region in which magnetic influence is exercised 
upon the compass, giving the magnetic needle a definite direction in each locality 
and causing the end which we name the north pole of the compass to be directed in 
general toward the region of the magnetic pole in the geographical north, and the south 
end toward the region of the magnetic pole in the geographical south. 

The north end of the compass—north-seeking, as it is sometimes designated for 
clearness—will be that end which has opposite polneiy to the earth’s north magnetic 
pole, or, otherwise stated, which possesses like magnetism with the earth’s south 
magnetic pole. : 

Variation of compass.—By reason of the fact that the magnetic pole in each 
hemisphere differs in geographical position by a large and unequal amount from the 
geographical pole, we are made aware that the earth is not magnetized symmetrically 
with reference to the geographical poles. Hence the directive influence of the earth’s 
magnetism will not in general cause the compass needle to point in the direction of the 
true meridian, but each compass point will differ from the core ponaine true point by 
an amount varyine according to the geographical locality. The angle representing 
this difference 1s the variation of the compass, sometimes called by surveyors the 
magnetic declination. It is the angle between the plane of the true meridian and a 
vertical plane passing through a freely suspended magnetic needle influenced solely by 
the earth’s magnetism. 

The variation not only changes as one travels from place to place on the earth, 
being different in different localities, but in every locality, besides the minor periodic 
movements of the needle known as the diurnal, monthly, and annual variations, 
which are not of material concern to the mariner, there is a progressive change which 
extends through centuries of time and amounts to large alterations in the pointing 
of the compass. In taking account of the effect produced by the variation of the 
compass, the navigator must therefore be sure that the variation used is correct not 
only for the place, but also for the time under consideration. Variation should be 
taken from the latest magnetic data available. The amount and direction of the 
variation for most localities on the earth’s surface have been ascertained, and will be 
found marked on charts. The annual change in variation is also indicated, so that 
the variation may be corrected to date. 

Occasionally the magnetic needle is subject to spasmodic fluctuations of the 
earth’s magnetism lasting from a brief period to several days. These are called 
magnetic storms, and are due to sudden changes in the electric currents which cir- 
culate within the earth and in the region surrounding the earth. Ly come appar- 
ently at random, and may occur nearly simultaneously over the whole world or be 
restricted to a certain region. The range of their effect upon the compass does 
not often exceed the half of a degree in the lower latitudes, and hence the navigator 
need only be concerned with them in the higher latitudes where he may look to the 
aurora as an indication of their occurrence. 
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Local disturbance.—Besides the error thus produced in the indications of the 
compass, a further one, due to local attraction, may arise from extraneous influences 
due to natural magnetic attraction in the vicinity of the vessel. Instances of this are 
quite common when a ship is in port, as it may be in close proximity to vessels, docks, 
machinery, or other masses of iron or steel. It is also encountered in the shallow 
waters of the sea in localities where the mineral substances in the earth itself possess 
magnetic qualities—as, for example, at certain places in Lake Superior, Alaska, Ice- 
land, Bermuda, and at others off the coast of Australia. When due to the last-named 
cause, it may be a source of great danger to the mariner, but, fortunately, the number 
of localities subject to local attraction 1s lim’ied. The amount of this error can seldom 
be determined except by survey; if known, it might properly be included with the 
variation and treated as a part thereof. | 

Deviation of compass.—In addition to the variation, the compass ordinarily has 
a still further error in its indications, which arises from the effect exerted upon it by 
masses of magnetic metal within the ship itself. This is known as the deviation of the 
compass. For reasons that will be explained later, it differs in amount for each head- 
ing of the ship, and, further, the character of the deviations undergoes modification as a 
vessel proceeds from one geographical locality to another. 


APPLYING THE COMPASS ERROR 


From what has been explained, it may be seen that there are three systems by 
which direction may be expressed. 


N 
N’ N’ 
Ww E Ww E 
Ss’ s’ 
Ss Ss 
Ficursg 19. FiGureE 20. 


True (symbol T or t), when referring to angles measured from the earth’s geo- 
graphic menidian called true north. 

Magnetic (symbol mag.), when referring to angles measured from the earth’s 
magnetic meridian called magnetic north. Magnetic and true bearings differ by the 
amount of the variation in that locality. 

_ Compass (symbol P. S. C.), when referring to angles measured from the north 
point of the compass card. Compass readings differ from magnetic by the deviation 
on that heading of the ship, and from true by the compass error which is the algebraic 
sum of the deviation and variation as explained later. 

The necessity for conversion of compass readings, from one system to another 
occurs frequently. Directions on charts are ceually true directions, and require 
application of variation and deviation before being used on the compass, or vice versa. 

e rules for applying corrections must be carefully learned. 

Deviation 1s called easterly and marked plus (+), or westerly and marked minus 
(—), according to whether the local magnetic effect is such as to draw the compass 
needle to the right (east) or left (west) of the earth’s magnetic meridian (magnetic 
north). In figure 19 the compass needle is drawn 20° to the right of the magnetic 
needle. Therefore, the deviation on that heading of the vessel is 20° E. or +20°. In 
figure 20 the compass needle is drawn 20° to the left of the magnetic needle or, —20°. 
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Variation is likewise called easterly and marked plus (+-), or westerly and marked 
minus (—), according to whether the direction of the earth’s magnetic meridian at 
that place is to the night (east) or left (west) of the earth’s true meridian. In figure 
21 the magnetic meridian (magnetic north) 1s 20° to the left (west) of the true 
meridian. Therefore, the variation is 20° W. or —20°. In figure 22 the variation is 
15° E. or +15°. 

The compass error, being the algebraic sum of the variation and deviation, is 
likewise marked easterly (+) or westerly (—) according to whether the total mag- 
netic effect draws the compass needle to the right (east) or left (west) of the earth’s 
true meridian. In figure 21, C. E.=—20° (var.)-+10° (dev.)=—10° or 10° W. 
figure 22 C. E.=+15° (var.)+10° (dev.)=+25° or 25° E. 

| In applying corrections to the compass always imagine yourself to be at the 
center of the compass card looking out toward the periphery in the given direction. 
From this position the numbers always increase toward the right (except from 360° 
to 0°). The least correct system of directions is that of the compass, the next is 
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FIGUBE 21. FicuRre 22. 


magnetic; the perfect system is true. Corrections are therefore made in that order, 
compass to magnetic to true. 

‘The plus and minus signs have been given to east and west errors, respectively, 
to facilitate correction of the compass readings to magnetic and true Peactinigs: in 
correcting compass readings apply the error according to sign; that is, add easterly 
errors and subtract westerly errors. To reduce a true or vc reading to & com- 
pass reading reverse the signs of the correction; that is, subtract easterly and add 
westerly errors. | 

In figure 22 note the following: 

Given compass course=5° (note lubber’s line). 

Magnetic course=5°+ 10° (E. dev.) =15°. 

True course=5°+10° (E. dev.)+15° (E. var.)=30°. 
"To reverse the process. 

Given true course=30° (note ship’s head). 

Magnetic course=30°— 15° (E. var.) =15°. 

Compass course=30°— 15° (E. var.)—10° (E. dev.) =5°. 

The thumb rule “true, right, east”? may be of assistance. Interpreted it means, 
if the more correct course is to the right (greater) the error is east; if the error is east, 
the more correct course is to the right (greater). The reverse is obvious—that, if the 
more correct course is to the left (less) the error is west; if the error is west the more 
correct course is to the left (less). 

Careful study of the following examples will aid in making the subject clear: 

Examples.—A bearing taken by a compass free from deviation is 76°; variation, 
5° W.; required the true bearing. 71°. 
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A vessel steers 153° by compass; deviation on that heading, 3° W.; variation 
in the locality, 12° E.; required the true course. 162°. | 

It is desired to steer the magnetic course 322°; deviation, 4° E.; required the 
course by compass. 318°. 

True course to be made, 55°; deviation, 7° E.; variation, 14° W.; required the 
course by compass. 62°. 

A vessel passing a range whose direction is known to be 200°, magnetic, observes 
the bearing by compass to be 178°; required the deviation. 22° E. 

The sun’s observed bearing by compass is 91°; it is found by computation to be 
84° (true); variation, 8° W.; required the deviation. 1° E. 


FINDING THE COMPASS ERROR 


The variation of the compass for any given locality is found from the charts. 
A nautical chart always contains information from which the navigator is enabled to 
ascertain the variation for any place within the region embraced and for any year. 
Besides the information thus to be acquired from local charts, a special world magnetic 
chart H: O. No. 2406, is published showing the variation at all points on the earth’s 
surface. 

The deviation of the compass, varying as it does for every ship, for every ape 
and for every geographical locality, must be determined by the navigator, for whic 
purpose various methods are available. 

Whatever method is used, the ship must be swung in azimuth and an observa- 
tion made on each of the headings upon which the deviation is required to be known. 
If a new iron or steel ship is being swung for the first time, observations should be 
made on each of the twenty-four 15° rhumbs into which the compass card is divided. 
At later swings, especially after correctors have been applied, or in the case of wooden 
ships, twelve 15° rhumbs will suffice—or, indeed, only six. In case it is not prac- 
ticable to make observations on exact 15° rhumbs, they should be made as near 
thereto as practicable and plotted on the Napier ae eae (to be explained hereafter), 
whence the deviations on exact 15° rhumbs may be found. 

In swinging ship for deviations the vessel should be on an even keel and all 
movable masses of iron in the vicinity of the compass secured as for sea, and the com- 

ass accurately centered in the binnacle. The vessel, upon being placed on any head- 
ing, should be steadied there for 3 or 4 minutes before the observation is made, 
in order that the compass card may come to rest and the magnetic conditions assume 
a settled state. To assure the greatest accuracy the ship should first be s to 
starboard, then to port, and the mean of the two deviations on each course taken. 
Ships may be swung under their own steam, or with the assistance of a tug, or at 
anehos, where the action of the tide tends to turn them in azimuth (though in this 
case it is difficult to get them steadied for the requisite time on each heading), or at 
anchor, by means of springs and hawsers. 

The deviation of all compasses on the ship may be obtained from the same 
swing, it being required to make observations with the standard only. To accomplish 
this it is necessary to record the ship’s head by all compasses at the time of steadying 
on each even rhumb of the standard; applying the deviation, as ascertained, to the 
heading by standard, gives the magnetic heads, with which the direction of the ship’s 
head by each other compass may be compared, and the deviation thus obtained. 
Then a complete table of deviations may be constructed as explained later. 

There are four methods for ascertaining the deviations from swinging, namely: 
by reciprocal bearings, by bearings of the sun, by ranges, and by a distant object. 

Reciprocal bearings.—One observer is stationed on shore with a spare compass 
placed in a position free from disturbing magnetic influences; a second observer is at 
the standard compass on board ship. At the instant when ready for observation a 
signal is made, and each notes the bactic of the other. The bearing by the shore 
compass, reversed, is the magnetic bearing of the shore station from the ship, and 
the difference between this and the bearing by the ship’s standard compass represents 
the deviation of the latter. 
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In determining the deviations of compasses placed on the fore-and-aft amidshi 
line, when the distribution of magnetic metal to starboard and port is ayminateioal 
the shore compass may be replaced by a dumb compass, or pelorus, or by a theodolite 
in which, for convenience, the zero of the horizontal graduated circle may be termed 
north; the reading of the shore instrument will, of course, not represent magnetic 
directions, but by assuming that they do we obtain a series of fictitious deviations, 
the mean value of which is the error common to all. Upon deducting this error 
from each of the fictitious deviations, we obtain the correct values. 

If ship and shore observers are provided with watches which have been com- 
pared with one another, the times may be noted at each obéservation, and thus 
afford a means of locating errors due to misundertsanding of signals. 

Ee eee ne a vessel for deviation of the standard compass by the 
method of reciprocal bearings, find the deviation of the standard compass on 13 
headings from 0° to 180°. . 


Simultaneous bearings— 
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Bearings of the sun.—This method requires that on each heading a bearing of 
the sun be observed by compass and the time noted at the same moment by a chro- 
nometer or watch. By means which will be explained in the chapter on azimuth, the 
true bearing of the sun may be ascertained from the known data, and this, compared 
with the compass bearing, gives the total compass error; deducting from the compass 
error the variation, there remains the deviation. The variation used may be that 
given by the chart, or, in the case of a compass affected only by symmetrically placed 
iron or steel, may be considered equal to the mean of all the total errors. Other 
celestial bodies may be observed for this purpose in the same manner as the sun. 

This method is important as being the most convenient one available for deter- 
mining the compass error at sea. 

en adjusting compasses much time will be saved by the following simple 
modification of a detail. Instead of tabulating magnetic azimuths for given stated 
times in advance, draw on cross-section paper a curve whose ordinates are minutes 
of local apparent time and whose abscissas are degrees of magnetic azimuth; that is, 
true azimuth corrected for variation. Then for any given instant (the navigator’s 
watch being set to local apparent time) the magnetic azimuth may be read directly 
from the curve. The difference between the magnetic azimuth of the sun and its 
compass bearing is, of course, the deviation of the compass on that particular heading. 


THE COMPASS ERROR 63 


Bhip’s Watch Azimuth of | ,.17Ue 
head | by ee correc- | L.A. T.of| sun by Spgs Error of Variation Deviations 
standard by watch tion on | observation | standard aeinuih compass of compass 
compass L.A. T. compass tables 
° h m 8 h m 8s ° ‘ °o 4 ° , ° a 
0 7 43 00 7 46 112 00 | 102 02 | —9 58 —3 20 
15 7 47 25 7 6 45 | 113 10 | 102 49 | —10 21 —3 B 
30 751 55 | Sq | 7 55 15 | 114 30 | 103 a8 | —10 52 —-4 % 
45 7 87 00 S | 8 00 2 | 116 30 | 104 33 | —11 87 |. ao lS2lR | —5 2 
60 8 01 50 | 3 | 8 05 10 | 120 10 | 105 26 | -14 4 |~ &* ~8 16 
75 806 42 | © 8 10 02 | 1% 00 | 106 20 | -17 40 | onl, |? | -11 12 
90 8 11 46 8 15 06 | 128 2 | 107 19 | -m o fe Raitt yt | 14 33 
105 81710 | g2 | 8 20 30 | 131 20 | 108 21 | —22 59 ane) eg] -16 31 
120 823 10 | ow | 8 2 30 | 133 2 | 109 32 | -2 48 oli: id ~17 
135 8 2 42 — 8 32 02 133 10 110 38 | —22 32 tai it tg) 16 04 
160 | 8 33 41 | &§ | 8 37 01 | 128 40 | i go | 17 or | JE] iS) ig) -10 3 
165 8 39 10 | ss | 8 42 30 | 123 30 | 112 48 | —10 42 ae| isl is| ~4 14 
190 | 8 45.10 | ~ 8 48 30 | 117 30 | 114 0 | —3 2% | G8) iS] 1s) +3 02 
195 8 8 42 | AS | 8 54 02 | 113 15 | 115 17 | +2 02 BSI<S] ts] +8 30 
210 8 56 41 | gs | 9 00 01 | 109 oO | 116 37 | +7 37 | Salekl iE] +14 08 
225 9 00 46 F | 9 04 06 | 103 30 | 117 33 | +14 03 S193) 15) 420 31 
mo | 9 04 47 | SS | 9 08 o7 | 106 20 | 118 2% | +11 38 | SBlBo| iS! +18 26 
255 | 9 08 46 | By | 9 12 06 | 100 40 | 110 25 | +9 45 | ZEISS] iy) tis 13 
270 913 47 | FS 917 07 | #1138 10 | 12 38 | +7 2B Et 88 ia] +13 56 
285 9 19 50 Sy 9 2 10 118 40 122 00 | +3 20 Fat: d& oe 
300 94 40 / +» 923 00 | 14 5 | 13 Bi] -1 27 a8ioeisa| +65 o1 
315 9 29 45 | £8 | 9 33 05 | 129 00 | 14 42 | —4 18 | #Blepl BR! +32 10 
30 46| 9 3415 | we 9 37 35 | 133 10 | 125 5 | —7 16 33 mibo| —0 48 
345 9 38 40 9 42 00 | 135 5 | 17 05 | —-8 45 | SBSigal¥e) —2 17 
Bless 
L. A. T. by chron £3 ee leo 
hm 3 as (8/8 
Chron........22-2eeeeeeeeeeeeee ee 12 32 27 Lat. 39° N. sslssis 
On Co oe a eae cue te ee + 65 03.7 Long. 76° iW. Pe a 
GC. T. ADE. 7.022 setccssece-ces 12 87 30.7 Declination 6°39 N. cE 43\3 
Ay a acl erat oer rere ae (—) 2 10.7 sis 70 |> 
GMT as ade 12 35 11 
LODG. WW ocsoe es ccoscevelevincs 5 05 36 
Vee Te 29 35 
WY BCD ree ee 26 15 
Error of w. on L. A. T., slow....- 3 20 


*The constant A is a constant error usually attributed to faulty fitt in the com card or accessories, or to the lubbers line 
being slightly offset from the center line of the ship. (See Constant Deviation, p. 72. 


Ranges.—In many localities there are to ba found natural or artificial range 
marks which are clearly distinguishable, and which when in line lie on a known 
magnetic bearing. By pea about on different headings and noting the compass 
bearing of the ranges each time of crossing the line that they mark, a series of deviations 
may be obtained, the deviation of each heading being equal to the difference between 
the a a and the magnetic bearing. The range marks should not be too close 
together. ’ 

Distant object.—A conspicuous object is selected which must be at a considerable 
distance from the ship and upon which there should be some clearly defined point for 
taking bearings. The direction of this object by compass is observed on successive 
headings. Its true or magnetic bearing is then found and compared with the compass 
bearings, whence the deviation is obtained. | | 

The true or the magnetic bearing may be taken from the chart. The magnetic 
bearing may also be found by setting up a compass ashore, free from foreign magnetic 
disturbance, in range with the object and the ship, and observing the bearing of the 
object; or the magnetic bearing is approximately the mean of the compass bearings 
on all headings, or the mean of the compass bearings on the cardinal or intercardinal 
points. 

In choosing an object for use in this method care must be taken that it is at such 
a distance that its bearing from the ship does not practically differ as the vessel 
swings in azimuth. If the ship is swung at anchor, the distance should be not less 
than 6 miles. If swung under way, the object must be so far that the parallax (the 
tangent of which may be considered equal to half the diameter of swinging divided 
by the distance) anit not exceed about 30’. 
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Example.—The following compass bearings were taken on a distant church spire’ 


‘ Compass 
1 8 bearing of Deviation Magnetic bearing 


° 
3° 
° 
~ 
° 


0 224 1 52E. 224 
45 223 2 52 E. 223 
90 221 4 52E. 221 

135 225 0 525. 225 
180 227 1 08 W. 227 
225 228 2 08 W. 228 
270 230 4 08 W. 230 
315 229 3 08 W. 229 


The mean of all compass bearings will be the rusenetic bearing, and the difference between the 
compen bearing and the magnetic bearing will be the deviation for the point on which the vessel was 
heading. In this example the correct magnetic bearing is 225°52’. On heading 0°, 225°52’—224° 
(compass bearing) gives deviation 1°52’ E. and so on. 


In all of the methods described it will be found convenient to arrange the results 
in tabular form. In one column record the ship’s head by standard compass, and 
abreast it in successive columns the observations from which the deviation is deter- 
mined on that heading, and finally write the deviation itself. When the result of the 
swing has been worked up, another table is constructed showing simply the headings 
and the corresponding deviations. This is known as the deviation table of the com- 
pass. If compensation is to be attempted, this table is the basis of the operation; if 
not, the deviation tables of the standard and steering compass should be posted in 
such place as to be accessible to all persons concerned with the navigation of the ship. 

Deviation table.—Let it be assumed that a deviation table has been found and 
that the values are as follows: 

Deviation table 


Ship’s head by standard compass Deviation Ship’s head by standard compass Deviation 
°o ° , ° ° t 

NGPhiecek cee es biti 0 —15 29 || South._....-_._._...------ 180 +17 52 
15 —14 53 195 +23 47 

30 —13 16 210 +27 O07 

N35 toeeeetwe bee atelas 45 S14. AO WW Wiese theese oa eae 225 +25 35 
60 — 9 59 240 +21 57 

75 — 9 42 255 +15 654 

Masts csccraciececescus cece 90 — 9 06 || West.......--.--------- 270 +9 56 
105 — 9 Ol 285 " + 1 56 

120 — 7 6l 300 — 4 09 

a eee eee ee 135 AD. OE | IN Wee ec cee oe oats 315 —10 20 
150 — 2 16 330 —13 37 

165 + 8 29 345 —16 Ol 


Testing deviation table.—With a well-adjusted compass, the deviations on N. and 
E. should equal the deviations on S. and W. with the signs changed. The mean of 
the deviations on NE. and SW. should equal the mean of the deviations on SE. and 
NW. with the signs changed. 

From the table above the amount of deviation is found on each compass heading. 
Knowing the ship’s head by compass, it is easy to pick out the corresponding deviation, 
and thus to obtain the magnetic heading. But, if given the magnetic direction in 
which it is desired to steer, to find the erehes taoee compass course, the problem is 
not so simple, for deviations on magnetic headings are not given, and where the errors 
are large 1t may not be assumed that they are the same as on the corresponding 
- compass headings. For example, with the deviation table just given, suppose it is 
required to determine the compass heading corresponding to 165°, magnetic. 
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The deviation corresponding to 165°, per compass, is +8}¢°. If we apply this 
to 165°, magnetic, we have 156}4° as the compass course. But, consulting the table, 
it may be seen that the deviation corresponding to 156}¢°, per compass, is +2}4°, and 
ae nba if we steer that course the magnetic direction will be 159°, and not 165°, 
as desired. 


_ A way of arriving at the correct result is to make a series of trials until a course 
Is arrived at which fulfills the conditions. Thus, in the example given: 
First trial ° Second trial 2 

Mag. course desired_._..........----- 165 Mag. course desired_..._..____...-.--- 165 
Try dev. on 165°_......_-.-..------- 8% E.| Try dev. on 160°____-.___------ 2 5 E. 
Trial comp. course__...-.-.--.------- 156% Trial comp. course..........---------- 160 
Dev. on 15644°__._-__...-.-.-------- 24 E.| Dev.con 160° 2. ceed ces 5 
Mag. course made good...__--.----.- 159 Mag. course made good.._..__._...---- 165 


Since this assumption carries the course 6° too| This happens to be exactly the compass 
far to the left, assume next a deviation on a|course required. But it often occurs that further 
ieee 3° farther to the right than the one used | trials may be necessary. ; 

ere. 


The Napier diagram.—A much more expeditious method for the solution of this 
problem is afforded by the Napier diagram, and as that diagram also facilitates a 
number of other operations connected with compass work it should be clearly under- 
stood by the navigator. This admits of a graphic representation of the table of 
deviations of the compass by means of a curve. Besides furnishing a ready means of 
converting compass into magnetic courses and the reverse, one of its chief merits is 
that if the deviation has been determined on a certain number of headings it enables 
one to obtain the most probable value of the deviation on any other course that the 
ship may head. The last-named feature renders it useful in making a table of devia- 
tions of compasses other than the standard when their errors are found. 

The Napier diagram (fig. 23) represents the margin of a compass card cut at the 
north point and straightened into a vertical line; for convenience, it is usually divided 
into two sections, representing, respectively, the eastern and western semicircles. 
The vertical line is of a convenient length and divided into 24 equal parts corresponding 
to each 15° of the compass, beginning at the top with north and continuing around to 
the right; it is also divided into 360°, which are appropriately marked. 

To obtain a complete curve, a sufficient number of observations should be taken 
while the ship swings through an entire circle. Generally, observations on every 
alternate 15° rhumb are enough to establish a good curve, but in cases where the 
maximum deviation reaches 40° it is preferable to observe on every 15° rhumb. 

The curve shown in the full line on figure 23 corresponds to the table of deviations 
given on page 64. 

From compass course to find the magnetic course.—Through the point of the 
vertical line representing the given compass course draw a line parallel to the dotted 
lines until the curve is intersected, and from the point of intersection draw another 
line parallel to the plain lines; the point on the scale where this last line cuts the 
vertical line is the magnetic course sought. The correctness of this solution wil be 
apparent when we consider that the 60° triangles are equilateral, and therefore the 
distance measured along the vertical side will equal the distance measured along the 
inclined sides—that is, the deviation; and the daechon will be correct, for the con- 
struction is such that magnetic directions will be to the mght of compass directions 
when the deviation is easterly and to the left if westerly. 

From magnetic course to find compass course.—The process is the same, except- 
ing that the first line drawn should follow, or be parallel to, the plain lines, and the 
second, or return line, should be parallel to the dotted; and a proof similar to that 
previously employed will show the correctness of the result. As an example, the 
problem given above may be solved by the diagram, and the result will be found 
to accord with the solution previously given. 
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Compees courses o8 dotted flaes. 


Mageetie eeerses on cotld lanes. 
FROM O° NORTH TO 180° SOUTH FROM 180° SOUTH TO 360° NORTH 
DEVIATION DEVIATION DEVIATION DEVIATION 
WEST NORTH EAST WEST SOUTH EAST 
‘ ! O \ 
a 
uae % s? | * 
"Pee, 10° \*. 
**e, ' tat 
y 4 1 
ad i 
ae, ~" \ ‘ A 
\ 25% 4, 
‘3: | ! 
"+l : "re 
he Ke : o 
\ 40° f., 
| e.. = | 
\ y | 
1 Sse, | | : 
A os a oat A ™, 
Sp 55° Teen, 
4 ‘Ses ! 
\ ep | I 
\ wtp es. ! a ° 
\ 65: | **6, * 
. 1: | 1 
\ eo, . / 
: > } 
4~ 80: | r 
. ase! f 
\ ‘op 4 / 
' BT Ge 
\ of: a 
ne) RY fc 
“|. } 100s 
wf : ‘tsi | 
nae +B = : : / 
2 : f “te, 
A108 ny / ie 
‘i 
115% , S / 
he f ee 
1200 ae 
: / 
125% 


**, as e “te, The. Wk, 
bay 8 way he. | oo) tA 


Curve of Total Deviation 


anaes wees wee Curve of Semicircular Component 


Curve of Quadrantal Component 
FIGURE 23. 


The vertical line is intersected at each 15° rhumb by two lines inclined to it at 
an angle of 60°, that line which is inclined upward to the right being drawn plain 
and the other dotted. 

The following rhyme will be helpful with the diagram: 

From compass course, magnetic to gain, 

Depart by dotted, return by plain. 

From magnetic course, to course allotted. 

Depart by plain, return by dotted. 
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To plot curve on Napier diagram.—If the deviation has been observed with the 
ship’s head on given compass courses (as is ere | the case with the standard compass), 
measure off on the vertical scale the number of degrees corresponding to the deviation 
and lay it down—to the might if easterly and to the left if westerly—on the dotted line 
passing through the point representing the ship’s head; or, if the observation was not 
made on an even 15° rhumb, then lay it down on a line drawn parallel to the dotted 
ones through that division of the vertical line which represents the compass heading; 
if the deviation has been observed with the ship on given magnetic courses (as when 
deviations by steering compass are obtained by noting the ship’s head during a swing 
on even 15° rhumbs of the standard), proceed in the same way, excepting that the 
deviation must be laid down on a plain line or a line parallel thereto. Mark each 
point thus obtained with a dot or small circle, and draw a free curve passing, as nearly 
as possible, through all the points. 


THE THEORY OF DEVIATION 


Features of the earth’s magnetism.—It has already been stated that the earth 
acts like a great spherical as fa with a pole in each hemisphere which is not coinci- 
dent with the geographical pole; it has also a mag- 
netic equator which lies close to, but not coincident 
with, the geographical equator. (Shown on H. O. 

Dip Chart No. 1700.) ‘ - ay 

A magnets needle freely suspended at a point c p= ZOUSL TORS’ 
on the earth’s surface, and undisturbed by any other 


[ 
than the earth’s magnetic influence, will lie in the |! 
plane of the magnetic meridian and at an angle with 
the horizon depending upon the geographical | 
position. 

The magnetic elements of the earth which must | 
be considered are shown in figure 24. The earth’s | 
total force is represented in direction and intensity | 
by theline AB. Since compass needles are mechan- | 
ically arranged to move only in a horizontal plane, | 
it becomes necessary, when investigating the effect | 
of the earth’s magnetism upon them, to resolve the © 
total force into two components which in the figure sB 
are represented by AC and AD. These are known, FIoure 24. 
respectively, as the horizontal and vertical compo- 
nents of the earth’s total force, and are usu 
designated as H and Z. The angle CAB, which the line of direction makes with the 
plane of the horizon, is called the magnetic dip, and denoted by 8. 

It is clear that the horizontal component will reduce to zero at the magnetic poles, 
where the needle points directly downward, and that it will reach a maximum at the 
magnetic equator, where the frce needle hangs in a horizontal direction. The reverse 
is true of the vertical component and of the angle of dip. 

Dip and horizontal intensity charts.——The dip may be found from H. O. Chart 
No. 1700 and the horizontal intensity from H. O. Chart No. 1701. The vertical 
intensity is equal to the horizontal intensity < tangent dip. The total intensity= 
¥H?+Z?. The vertical intensity is given on H. O. Chart 1702. 

Induction.—When a piece of unmagnetized iron or steel is brought within the 
influence of a magnet, certain magnetic properties are immediately umparted to the 
former, which itself becomes magnetic and continues to remain so as long as it is 
within the sphere of influence of the permanent magnet; the magnetism that it 
acquires under these circumstances is said to be induced, and the properties of induction 
are such that that end or region which is nearest the pole of the influencing magnet 
will take up a polarity opposite thereto. If the magnet is withdrawn, the induced 
sar Sevier is soon dissipated. If the magnet is brought into proximity again, but 
with its Ce aad pole nearer, magnetism will again be induced, but this time its 
’ polarity be reversed. A further property is that if a piece of iron or steel, while 

temporarily possessed of magnetic qualities shrough induction, be subjected to blows, 


Vertical Force= 


o 
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twisting, or mechanical violence of any sort, the magnetism is thus made to acquire a 
permanent nature. 

The softer the metal, from a physical point of view, the more quickly and thor- 
oughly will induced magnetism be sis eos when the source of influence is with- 
drawn; hard metal, on the contrary, is slow to lose the effect of magnetism imparted 
to it in any way. Hence, in regarding the different features which affect deviation, 
it is usual to denominate as hard iron that which possesses retained magnetism of a 
stable nature, and as soft iron that which rapidly acquires and parts with its magnetic 
qualities under the varying influences to which it is subjected. 

Magnetism acquired by steel vessels in building.—The inductive action of the 
earth’s magnetism affects all iron or steel within its influence, and the amount and 
permanency of the magnetism so induced depends upon the position of the metal with 
reference to the earth’s total force, upon its character, and upon the degree of hammer- 
ing, bending, and twisting that it undergoes. 

An iron bar held in the line of the earth’s total force instantly becomes magnetic; 
if held at an angle thereto it would acquire magnetic properties dependent for their 
amount upon its inclination to the line of total force; when held at right angles to 
the line there would be no effect, as each extremity would be equally near the poles 
of the earth and all influence would be neutralized. If, while such a bar is in a mag- 
netic state through inductive action, it should be hammered or twisted, a certain 
magnetism of a permanent character is impressed upon it, which is never entirely lost 
pee na bar is subjected to causes equal and opposite to those that produced the 

t effect. 

A sheet of iron is affected by induction in a similar way, the magnetism induced by 
the earth diffusing itself over the entire plate and separating itself into regions of 
opposite polarity, separated by a neutral area at right angles to the earth’s line of total 
force. If the plate is hammered or bent, this magnetism takes up a permanent 
character. 

If the magnetic mass has a third dimension, and assumes the form of a ship, a 
similar condition prevails. The whole takes up a magnetic character; there is a mag- 
netic axis in the direction of the line of total force, with poles at its extremities and a 
zone of no magnetism perpendicular toit. The distribution of magnetism will depend 
upon the horizontal and vertical components of the earth’s force in the locality and 
upon the direction of the keel in building; its permanency will depend upon the 
amount of mechanical violence to which the metal has been subjected by the riveting 
and other incidents of construction, and upon the nature of the metal employed. 

b Causes of deviation.— There are three influences that operate to produce devia- 
tion; namely, (a) subpermanent magnetism; (5) transient magnetism induced in 
vertical soft iron, and (c) transient magnetism induced in horizontal soft iron. Their - 
effect will be explained. 
r Subpermanent magnetism is the name given to that magnetic force which out 
nates in the ship while building, through the process explained in the preceding article. 
After the vessel is launched and has an Spporunly to swing in azimuth, the magnetism 
thus induced will suffer material diminution until, after the lapse of a certain time, it 
will settle down to a condition that continues practically unchanged. The magnetism 
that remains is denominated subpermanent. The vessel will then approximate to a 
ermanent magnet, in which the north polarity will lie in that region which was north 
in building and the south polarity (that which exerts an attracting influence on the 
north pole of the compass needle) in the region which was south in building. 

Transient magnetism induced in vertical soft iron is that developed in the 
soft iron of a vessel through the inductive action of the vertical component only of 
the earth’s total force, and is transient in nature. Its value or force in any given 
mass varies with and depends upon the value of the vertical component at the place, 
and is prgportional to the sine of the dip, being a maximum at the magnetic pole 
and zero at the magnetic equator. 

Transient magnetism induced in horizontal soft iron is that developed in the 
soft iron of a vessel through the inductive action of the horizontal component only 
of the earth’s total force, and is transient in nature. Its value or force in any given 
‘ mass varies with and depends upon the value of the horizontal component at the 
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place, and is proportional to the cosine of the dip, being a maximum at the magnetic 
equator and reducing to zero at the magnetic pole. 

The needle of a compass in any peanes on board ship will therefore be acted 
upon by the earth’s total force, together with the three forces just described. The 

les of these forces do not usually lie in the horizontal plane of the compass needle, 

ut as this needle is constrained to act in a horizontal plane, its movements will be 

affected solely by the horizontal components of these forces, and its direction will 
be determined by the resultant of those components. 

The earth’s force operates to retain the compass needle in the plane of the 
magnetic meridian, but the resultant of the three remaining forces, when without 
this plane, deflects the needle, and the amount of such deflection constitutes the 
deviation. . 

Classes of deviation — Investigation has developed the fact that the deviation 
produced as described is made up of three parts, Sick are known respectively as 
semicircular, quadrantal, and constant deviation, the latter being the least important. 
A clear understanding of the nature of each of these classes is essential for a compre- 
hension of the methods of compensation. 

Semicircular deviation is that due to the combined influence, exerted in a hori- 
zontal plane, of the subpermanent magnetism of a ship and of the magnetism induced 
in soft iron by the vertical component of the earth’s force. If we regard the effect 
of these two forces as concentrated in a single resultant pole exerting an attractin 
influence upon the north end of the compass needle, it may be seen that there wi 
be some heading of the ship whereon that pole will lie due north of the needle and 
therefore produce no deviation. Now consider that from this position the ship’s 
head swings in azimuth to the nght; throughout all of the semicircle first described 
an easterly deviation will be produced, and, after completing 180°, the pole will be 
in a position diametrically opposite to that from which it started, and will again 
exert no influence that tends to produce deviation. Continuing the swing, through- 
out the next semicircle the direction of the deviation produced will be always to the 
westward, until the circle 1s completed and the ship returns to her original neutral 
position. From the fact that this disturbing cause acts in the two semicircles with 
equal and opposite effect as easterly in one semicircle and westerly in the other, it 
is given the name of semicircular deviation. 

In figure 23 a curve is depicted which shows the deviations of a semicircular 
nature separated from those due to other disturbing causes, and from this the reason 
for the name will be apparent. 

Returning to the two distinct sources from which the semicircular deviation 
arises, it may be seen that the force due to subpermanent magnetism remains con- 
stant regardless of the geographical position of the vessel; but since the horizontal 
force of the earth, which tends to hold the needle in the magnetic meridian, varies 
with the magnetic latitude, the deviation due to the subpermanent magnetism varies 


inversely as the horizontal force, or as tT This may be readily understood if it is 


considered that the stronger the tendency to cling to the direction of the magnetic 
meridian the less will be the deflection due to a given disturbing force. On the other 
hand, that part of the semicircular deviation due to magnetism induced in vertical 
soft iron varies as the earth’s vertical force, which 1s proportional to the sine of the 
dip; its effect in producing deviation, as in the preceding case, varies inversely as 
the earth’s horizontal force—that is, inversely as the cosine of the dip; hence the ratio 
representing the change of deviation arising from this cause on change of latitude is 


ane or tan @. 


If, then, we consider the change in the semicircular deviation due to a change 
of magnetic latitude, it will be necessary to separate the two factors of the deviation 
and to remember that the portion produced by subpermanent magnetism varies as 


a and that due to vertical induction as tan @. But for any consideration of the 


effect of this class of deviation in one latitude only, the two parts may be joined 
torether and regarded as having a single resultant. 
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Assuming that all the forces nae, to produce semicircular deviation are con- 
centrated in a single pole exerting an influence on the north pole of the compass, it 
will be seen that this can be resolved into a horizontal and a vertical component, 
just as the earth’s magnetic force is illustrated in figure 24. It is now evident, there- 
fore, that the horizontal component of this single magnet may be resolved into two 
components—one fore-and-aft and one athwartship; in this case, the semicircular 
forces will be represented by two magnets, one fore-and-aft and the other athwart- 
ship, and compensation may be made by two separate magnets lying respectively in 
the direction stated, but with their north or repelling poles in the position occupied 
by the south or attracting poles of the ship’s force. 

Figure 25 represents the conditions that have been described. Let O be the 
center of the compass, XX’ and YY’, respectively, the fore-and-aft and athwartship 
lines of the ship, and OS the direction in which the attracting pole of the disturbing 
force is seerial. Now, if OP be laid off on the line OS, representing the amount 
of the disturbing force according to some convenient scale, then 
Ob and Oc, respectively, represent, on the same scale, the re- 
solved directions of that force in the keel line and in the trans- 
7 verse line of the ship. Each of these resolved forces will exert 
/  & maximum effect when acting at nght angles to the needle, the 
athwartship one when the ship heads north or south by compass, 
and the longitudinal one when the heading is east or west. On 
any other heading than those named the deviation produced 
by each force will be a fraction of its maximum whose magni- 
tude will depend upon the azimuth of the ship’s head. The 
maximum deviation vo therefore, forms in each case a 
basis for reckonin of the various effects of the disturbing 
force, and is called a coefficient. 

The coefficient of semicircular deviation produced by the 
force in the fore-and-aft line is called B, and is reckoned as 
positive when it attracts a north pole toward the bow, negative 
when toward the stern; that produced by the athwartship force 
is C, and is reckoned as positive to starboard and negative to 
port. These coefficients are expressed in degrees.' 

The coefficient B is approximately equal to the deviation 
on east; or to the deviation on west with reversed sign; or to 
the mean of these two. Thus in the ship having the table of 
deviations previously given (on page 64), B is equal to —9° 06’, or to 9° 56’, or to ¥ 
(—9° 06’—9° 56’)=—9° 31’. 

The coefficient C is approximately equal to the deviation on north; or to the 
deviation on south with reversed sign; or to the mean of these two. In the example 
C is equal to —15° 29’, or to —17° 52’, or to % (—15° 29’—17° 52’) =— 16° 40’. 

The value of the subpermanent magnetism remaining practically constant under 
all conditions, it will not-alter when the ship changes her latitude; but that due to 
induction in vertical soft iron undergoes a change when, by change of geographical 
position, the vertical component of the earth’s force assumes a different value, and in 
such case the correction by means of one or a pair of permanent magnets will not 
remain effective. If, however, by series of observations in two magnetic latitudes, 
the values of the coefficients can be determined under the differing circumstances, it 
is possible, by solving equations, to determine what effect each force has in producing 
the semicircular deviation. Having done this, the subpermanent magnetism can be 
corrected by permanent magnets after the method previously described, and the 
vertical induction in soft iron can be corrected by a piece of vertical soft iron placed 
in such a position near the compass as to produce an equal but opposite force to the 
ship’s vertical soft iron. This last corrector is called a Flinders bar. 

1 It should be remarked that in a mathematical 3 Gee of the deviations it would be necessary to distinguish between the 
Ce a anaes Gee 0 ee a, Ao anit te ns oe geo 


in terms of the ‘‘mean force to north’’ (AH), as unit. In the practical discussion of the subject here given, the question of the dif- 
ference need not be entered into further. 
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Bene thus opposed to each of the component forces a corrector of magnetic 
character identical with its own, a change of latitude will make no difference in the 
effectiveness of the compensation, for in every case the modified conditions will 
produce identical results in the disturbing and in the correcting force. 

Quadrantal deviation is that which arises from horizontal induction in the soft 
iron of the vessel through the action of the horizontal component of the earth’s total 
force. Let us consider, in figure 26, the effect of any piece of soft iron which is sym- 
metrical with respect to the compass—that is, which lies wholly within a plane passing 
through the center of the needle in either a fore-and-aft or an athwartship direction. 
It may be seen (a) that such iron produces no deviation on the cardinal points (for 
on north and south headings the fore-and-aft iron, though strongly magnetized, has 
no tendency to draw the needle from a north-and-south line, while the athwartship 
iron, being at right angles to the meridian, receives no magnetic induction, and 
therefore exerts no force; and on east and west headings similar conditions prevail, 
the athwartship and the fore-and-aft iron having simply exchanged positions); and 
(6) the direction of the deviation produced is opposite in successive quadrants. The 
action of unsymmetrical soft iron is not quite so readily apparent, but investigation 
shows that part of its effect is to produce a deviation which becomes zero at the inter- 
cardinal points and is of opposite name in successive 

uadrants. From the fact that deviations of this 
class change sign every 90° throughout the circle, 
they gain the name of quadrantal deviations. One of 
the curves laid down in the Napier diagram (fig. 23) 
is that of quadrantal deviations, whence the nature of 
this disturbance of the needle may be observed. It 
will be noted from the diagram that quadrantal devia- 
tion is zero on headings, north, east, south, and west 
magnetic. 

All deviations produced by soft iron may be con- 
sidered as fractions of the maximum deviation due 
to that disturbing influence; and consequently the 
maximum is regarded as a coefficient, as in the case of 
semicircular deviations. The coefficient due to sym- 
metrical soft iron is designated as D, and is considered 
positive when it produces easterly deviations in the 
quadrant between north and east; the coefficient of deviations arising from unsym- 
metrical soft iron is called E, and is reckoned as peraye when it produces easterly 
deviations in the quadrant between NW. and N .; this latter attains importance 
only when there is some marked inequality in the distribution of metal to starboard and 
to port, as in the case of a compass placed off the amidship line. 

D is approximately equal to the mean of the deviations on NE. and SW.; or to 
the mean of those on SE. and NW., with sign reversed; or to the mean of those means. 
In the table of deviations given on page 64, D is equal to % (—11° 19’+25° 35’)= 
+7° 08’, or to % (+5° 54’+10° 20’)=+8° 07’; or to % (7° 08’+8° 07’)=+7° 37’. 
By reason of the nature of the arrangement of iron in a ship, D is almost invariably 

sitive. 
i E is approximately equal to the mean of the deviations on north and south; or 
to the mean of those on east and west with sign reversed; or to the mean of those 
means. Inthe example, E is equal to % (— 15°29’ + 17°52’)=+1°11’; or to % (+9°06’ 
— 9°56’) = — 0°25’; or to % (+1°11’— 0°25’) = + 0°23’. 

Quadrantal deviation does not, like semicircular, undergo a change upon change 
of magnetic latitude; being due to induction in horizontal soft iron, the magnetic 
force exerted to produce it 1s proportional to the horizontal component of the earth’s 
magnetism; but the directive force of the needle likewise depends upon that same 
component; consequently, as the disturbing force exerted upon the needle increases, 
so does the power that holds it in the magnetic meridian, with the result that on 
any given heading the deflection due to soft iron is always the same. 

Quadrantal deviation is corrected by placing masses of soft iron (usually two 
hallow spheres in the athwartship line, at equal distances on each side of the compass), 


FIGuRE 26. 
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with the center of mass in the horizontal plane of the needle. The distance is made 
such that the force exerted exactly counteracts that of the ship’s iron. As the cor- 
recting effect of this iron will, like the directive force and the quadrantal disturbing 
force, vary directly with the earth’s horizontal component, the compensation once 
properly made will be effective in all latitudes, provided that the compass needles are 
short and, consequently, exercise little or no induction on the quadrantal correctors 

With compasses such as the United States Navy standard 7}-inch liquid compass, 
the needles of which are long and powerful, it will usually be found that the position 
of the spheres must be changed with change of latitude. This may be accounted for 
by the magnetism induced in the spheres by the compass needles at the same time 
and in the same manner as the earth’s force. In this case the quadrantal correcting 
force is the resultant of the constant force due to the induction of the needles in the 
spheres and the variable force (the earth’s horizontal force, H, varying with change 
in magnetic latitude) due to the induction of the earth in the spheres. his resultant 
of these two forces is a variable force, and, after a given quadrantal deviation is 
corrected in one latitude by this force, the balance will be changed upon going into 
another latitude and the correction will fail to hold good. 

Frecuce, the quadrantal deviation due to unsymmetrical iron is seldom 
corrected; the correction may be accomplished, however, by placing the soft iron 
masses on a line which makes an angle to the athwartship line through the center 
of the card. 

Constant deviation is due to induction in horizontal soft iron unsymmetrically 
placed about the compass. It has already been explained that one effect of such iron 
is to produce a quadrantal deviation, represented by one coefficient E; another effect 
is the constant deviation, so called because it is uniform in amount and direction on 
every heading of the ship. If plotted on a Napier diagram, it would appear as a 
sualene line parallel with the initial line of the diagram. 

ike other classes of deviation, the effect of the disturbing force is represented 
by a coefficient; this coefficient is designated as A, and is considered plus for easterly 
and minus for westerly errors. It is approximately equal to the mean of the devia- 
tions on any number of equidistant headings. In the case previously given, it might 
be found from the four headings, north, east, south, and west, and would then be 
si es to % (—15°29’—9°06’ + 17°52’ + 9°56’) = +0°48’; or from all of the 24 headings, 
when it would equal —0°01’. 

For the same reason as in the case of E, the value of A is usually so small that it 
may be neglected; it only attains a material size when the compass is placed off the 
midship line, or for some similar cause. 

ike quadrantal deviation, since its force varies with the earth’s horizontal 
force, the constant deviation will remain uniform in amount in all latitudes. 

No attempt is made to compensate for this class of error. 

Coefficients.— The chief value of coefficients is in mathematical analyses of the 
deviations and their causes. It may, however, be a convenience to the practical 
navigator to find their approximate values by the methods that have been given, in 
order that he may gain an idea of the various sources of the error, with a view to 
ameliorating the conditions, when necessary, by moving the binnacle or altering the 
surrounding iron. The following relation exists between the coefficients and the 


deviation: 
d=A-+B sin 2’+C cos 2’+D sin 22’+E cos 22’, 


where d is the deviation, and 2’ the ship’s heading by compass, measured from com- 
pass north. 

Mean directive force.—The effect of the disturbing forces is not confined to 
causing deviations; it is only those components acting at right angles to the needle 
which operate to produce deflection; the effect of those acting in the direction of 
the needle is exerted either in increasing or diminishing the directive force of the 
compass, according as the resolved component is northerly or southerly. 

It occurs, with the usual arrangement of iron in a vessel, that the mean effect 
of this action throughout a complete swing of the ship upon all headings is to reduce 
the directive force—that is, while it varies with the heading, the average value upon 
all azimuths is minus or southerly. The result of such a condition is unfavorable 
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from the fact that the compass is thus made more “‘sluggish,’’ is easily disturbed 
and does not return quickly to rest, and a given deflecting force produces a greater 
deviation when the directive force is reduced. The usual methods of compensation 
largely correct this fault, but do not entirely do so; it is therefore the case that the 
mean combined horizontal force of earth and ship to north is generally less than the 
horizontal force of the earth alone; but it is only in extreme cases that this deficiency 
is serious. 

Heeling error.—This is an additional cause of deviation that arises when the 
vessel heels to one side or the other. Heretofore only those forces have been considered 
which act when the vessel is on an even keel; but if there js an inclination from the 
vertical certain new forces arise, and others previously inoperative become effective. 
These forces are (a) the vertical component of the subpermanent magnetism acquired 
in building; (b) the vertical component of the induced magnetism in vertical soft iron, 
and (c) the magnetism induced by the vertical component of the earth’s total force in 
iron which, on an even keel, was horizontal. The first two of these disturbing causes 
are always present, but, when the ship is upright, have no tendency to produce devia- 
tion, simply exerting a downward pull on one of the poles of the nesdle : the last is a new 
force that arises when the vessel heels. 

The maximum disturbance due to heel occurs when the ship heads north or south. 
When heading east or west there will be no deviation produced, although the directive 
force of the needle will be increased or diminished. The error will increase with the 
amount of inclination from the vertical. 

For the same reason as was explained in connection with semicircular deviations, 
that part of the heeling error due to subpermanent magnetism will vary, on change of 


latitude, as HT while that due to vertical induction will vary as tan 6. In south mag- 


netic latitude the effect of vertical induction will be opposite in direction to what it is in 
north magnetic latitude. 
The heeling error 1s corrected by a permanent magnet placed in a vertical position 
directly under the center of the compass. Such a magnet ee no effect upon the com- 
ass when the ship is upright; but since its force acts in an opposite direction to the 
orce of the ship which causes heeling error, is equal to the latter in amount, and is 
exerted under the same conditions, it affords an effective compensation. For similar 
reasons to those affecting the compensation of B and C, the correction by means of a 
permanent magnet is not general and must be rectified upon change of latitude. 


PRACTICAL COMPENSATION 


In the course of explanation of the different classes of deviation occasion has been 
taken to state Senerally the various methods of compensating the errors that are 
produced. The practical methods of applying the correctors will next be given. 

Order of correction.—The following is the order of steps to be followed in each 
case. It is assumed that the vessel is on an even keel, that the compass is properly 
centered in the binnacle, that all surrounding masses of iron or steel are in their 
normal positions, all correctors removed, and that the binnacle is one in which the 
pineal deviation is corrected by two sets of permanent magnets at nght angles to 
each other. 

In order to ascertain if the compass is properly centered in the binnacle, the heeling 

corrector may be temporarily placed in its tabs and drawn from its lowest to its highest 

osition ; if no deflection is shown by the needle the compass is properly centered; if not 
it should be adjusted by the screws provided for the purpose. 

1. Place quadrantal correctors by estimate. 

2. Correct semicircular deviation. 

3. Correct quadrantal deviation. 

4, Swing ship for residual deviations. 

The heeling corrector may be placed at any time after the semicircular and 
quadrantal errors are corrected. A Flinders bar can be put in place only after obser- 
vations in two latitudes. 

The ship is first placed on some magnetic cardinal point. If north or south, the 
only force (theoretically speaking) which tends to produce deflection of the needle will 
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be the athwartship component of the semicircular force, whose effect is represented b 
the coefficient C. If east or west, the only deflecting force will be the fore-and-aft — 
component of the semicircular force, whose effect is represented by the coefficient B. 
This will be apparent from a consideration of the direction of the forces producing devi- 
ation, and is also shown by the equation connecting the terms (where A and E are 


zero): 
d=B sin 2’+C cos 2’+ D sin 22’. 


If the ship 1s headed north or south, 2’ being equal to 0° or 180°, the equation 
becomes d=+C. If on east or west, 2’ being 90 ° or 270°, we have d= +B. 

This statement is exact if we regard only the forces that have been considered in the 
problem, but experience has demonstrated that the various correctors when in place 
create certain additional forces by their mutual action, and in order to correct the 
disturbances thus accidentally produced, as well as those due to regular causes, 
it is necessary that the magnetic conditions during correction shall approximate as 
closely as possible to those that exist when the compensation is completed; therefore 
the quadrantal correctors should first be placed on their arms at the positions which 
it is estimated that they will occupy later when exactly located. error in the 
estimate will have but slight effect under ordinary conditions. It should be under- 
stood that the placing of these correctors has no corrective effect. while the ship is on 
a cardinal point. Its object is to create at once the magnetic field with which we shall 
have to deal when compensation is perfected. 

This having been done, proceed to correct the semicircular deviation. If the ship 
heads north or south, the force producing deflection is, as has been stated, the athwart- 
ship component of the semicircular force, which is to be corrected by permanent 
magnets placed athwartships; therefore enter in the binnacle one or more such magnets 
and so adjust their height that the heading of the ship by compass shall agree with the 
meenene eading. When this is done all the deviation on that azimuth will be cor- 
rected. 

Similarly, if the ship hedds east or west, the force producing deviation is the 
fore-and-aft component of the semicircular force, and this is to be corrected by entering 
fore-and-aft permanent magnets in the binnacle and adjusting the height so that the 
deviation on that heading disappears. 

With the deviation on two adjacent cardinal points corrected, the semicircular 
force has been completely compensated. Next correct the quadrantal deviation. 
Head the ship NE., SE., SW. or NW. The coefficients B and C having been reduced 
to zero by compensation, and 22’, on the azimuths named, being equal to 90° or 270°, 
the equation becomesd=+D. The soft-iron correctors are moved in or out from the 
positions in which they were placed by estimate until the deviation on the heading 
(all of which is due to quadrantal force) disappears. The quadrantal disturbing 
force is then compensated. 

Determination of magnetic headings.—To determine when a ship is pecans 
on any given magnetic course, and thus to know when the deviation has been correcte 
and the correctors are in proper position, four methods are available: 

(2) Swinging ship.—Obtain by the best available method the deviations on a 
sufficient number of compass courses to construct a curve on the Napier diagram 
for one quadrant, and thus find the compass headings corresponding to two adjacent 
magnetic cardinal points and the intermediate intercardinal point, as north, northeast, 
and east, magnetic, or if time permits make a complete swing. Then put the ship 
successively on these courses, noting the corresponding headings by some other 
compass, and when it is desired to head on the various magnetic azimuths during the 

rocess of correction the ship may be steadied upon them by the auxiliary compass. 
anid of this method will suggest themselves and circumstances may render their 
adoption convenient. The compass courses corresponding to the magnetic directions 
may be obtained from observations made with the auxiliary compass itself, or while 
making observations with another compass the Keatage by the auxiliary may be 
noted and a curve for the latter constructed, as explained on page 65, and the required 
headings thus deduced. 

(6) Azimuths.—Ascertain in advance the true bearing of the sun at frequent 
intervals during the period which is to be devoted to the compensation of the com- 
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passes; apply to these the variation and obtain the magnetic bearings; record the time 
and bearings in a convenient tabular form, or, better still, plot a curve of magnetic 
azimuths of the sun on cross-section paper, the coordinates being local apparent time 
and magnetic bearings of the sun. t the watch accurately for the local apparent 
time; then when it is required to steer any given magnetic course, set that point of the 
pelorus for the ship’s head and set the sight vanes for the magnetic bearing of the sun 
corresponding to the time by watch. aneuver the ship with the helm until the sun 
comes on the sight vanes, when the azimuth of the ship’s head will be that which is 
required. The sight vanes must be altered at intervals to accord with the curve o1 
table of times and bearings. 

(c) Construct a curve or table showing times and corresponding magnetic 

bearings of the sun, and also set the watch, as awe for the previous method. 
Then place the sight vanes of the azimuth circle of the compass at the proper angular 
distance to the right or left of the reures azimuth of the ship’s head; leave them so 
set and maneuver the ship with the helm until the image of the sun comes on with 
the vanes. The course will then be the required one. As an example, suppose that 
the curve or table shows that the magnetic azimuth of the sun at the time given by 
the watch is N. 87° E., and let it be required to head magnetic north; when placed 
upon this heading, therefore, the sun must bear 87° to the nght or east of the 
direction of the ship’s head; when steady on any course, turn the sight vane to the 
required bearing relative to the keel. on N. 11° W., for example, turn the circle 
to N. 76° E.; leave the vane undisturbed and alter course until the sun comes on. 
The magnetic heading is then north, and adjustment may be made accordingly. 
‘ (d) When ranges are available, they may be utilized for determining magnetic 
Sammiiary of corrections.—To summarize, the following is the process of correcting 
a compass for a single latitude, where magnets at right angles are employed for com- 
pensating the semicircular deviation and where the disturbances due to unsymmetrical 
soft iron are small enough to be neglected. 

First. All correctors being clear of the compass, place the quadrantal correctors 
in the position which it is estimated that they will occupy when adjustment is com- . 
plete. The navigator’s experience will serve in making the estimate, or if there 
seems no other means of arriving at the probable position they may be placed at the 
middle points of their supports. 

Second. Steady the ship on magnetic north, east, south, or west, and hold on 
that heading by such method as seems best. By means of permanent magnete alter 
the indications of the compass until the heading coincides with the magnetic course. 
If heading north, magnets must be entered north ends to starboard to correct easter] 
deviation and to port to correct westerly, and the reverse if heading south. If 
heading east, enter north ends forward for easterly and aft for westerly deviations, 
and the reverse if heading west. (Binnacles differ so widely in the methods of carry- 
ing magnets that details on this point are omitted. It may be said, however, that 
the magnetic intensity of the correctors may be varied by altering either their number 
or their distance from the compass; generally speaking, several magnets at a dis- 
tance are to be preferred to a small number close to the compass.) 

Third. Steady the ship on an adjacent magnetic cardinal point and correct the 
compass heading by permanent magnets to accord therewith in the same manner as 
described for the first heading. 

Fourth. Steady the ship on an intercardinal point (magnetic) and move the 

uadrantal correctors away from or toward the compass, keeping them at equal 
ee therefrom, until the compass and magnetic headings coincide. 

Fifth. If time permits, it is very important that the ship should next be steadied 
on opposite cardinal and semicardinal points and one-half of the remaining deviation 
corrected by changing the position or number of the correctors. 

The compensation being complete, the navigator should proceed immediately 
to swing ship and make a table of the residual deviations. ‘Though the remain- 
Ing errors will be small, it is seldom that they will be reduced to zero, and it must 
never be ‘assumed that the compass may be relied upon without taking the devi- 
ation into account. Observations on eight equidistant points will ordinarily suffice 
for this purpose. 
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Compensation while cruising.—Every effort should be made to keep at least 
the standard and steering compasses compensated, as it is always easier to keep the 
compasses compensated than to keep a deviation table correct, at hand, and in use. 

The following rectangular method, is one method by which the compasses may 
be kept practically compensated and, after the data are once obtained, it requires very 
little time or rouble. 

After the first compensation is completed, or while it is being done, head the 
ship north or south and move the athwartship magnets up exactly 1 inch, noting 
by the bearing of the sun or of a distant object, the amount and direction of the 
effect on the compass. Then repeat the observation, lowering the magnets 1 inch, 
and noting the effect. Then head the ship east or west and take the same obser- 


vations with the fore-and-aft magnets. Then head on an intercardinal point and 
record the effect of moving spheres first in and then out an inch from the correct 
position. . 
The record would then take this form: 
Date __..-- Latitude .____- Longitude _.--.-- 
|: eens eer 


On north, raising B magnets (6 bundles) 1 inch (from 9.85 to 8.85) causes 12°30’ easterly deviation, 
therefore a movement of Yo inch causes 1°15’ Ely. 

Lowering B magnets (6 bundles) 1 inch (from 9.85 to 10.85) causes 10°15’ westerly deviation, 

therefore a movement of Mo inch causes 1°2’ Wly. 
On east, raising C magnet (2 bundles) 1 inch (from 10.45 to 9.45) causes 8°15’ westerly deviation, 
therefore a movement of %o inch causes 0°50’ Wly. 

Lowering C magnet (2 bundles) 1 inch (from 10.45 to 11.45) causes 6°30’ easterly deviation, 

therefore a movement of %o inch causes 0°39’ Ely. 
On northeast, moving spheres in 1 inch (from 10.6 to 9.6) causes 4°15’ westerly deviation, therefore a 
movement of o inch causes 0°25’ Wly. 

Moving spheres out 1 inch (from 10.6 to 11.6) causes 3°20’ easterly deviation, therefore a 

movement of }4o inch causes 0°20’ Ely. 

If now it is found at any time that there is, say, 1°45’ easterly on east, it is 
evident that raising the C magnets %o inch will correct 1t, and careful observations on 
two adjacent cardinal points and an intercardinal point are enough to recompensate. 
This may ordinarily be done at no expense of time and with little trouble. More 
confidence may be felt in the result if observations for deviations are afterwards 
obtained on the four cardinal points and the mean of the results on opposite courses 
taken for the true value; this must be done if the variation is uncertain. A new 
set of data observations should be taken after a large change of magnetic latitude, 
but it will usually be found that the changes are slight. 

Theoretically the quadrantal deviation, once corrected, should remain at zero. 
It will usually be found, however, that the position of the spheres must be changed 
with change of latitude. A convenient way of dealing with this is to construct a 
curve showing the positions of the spheres for varying values of H. A similar curve 
showing the position of the heeling magnet is also convenient. 

Whenever the position of any corrector is changed, @ note showing new position, 
date, latitude, longitude, H and @ should be made on one of the blank leaves of the 
compass record. A complete record of this kind will be found of the utmost value 
in keeping track of the compasses. 

Correcting heeling error.—The heeling error may be corrected by a method 
involving computation, together with certain observations on shore. A more prac- 
tical method, however, is usually followed, though its results may be less precise. 
The heeling corrector is placed in its vertical tube, N. end uppermost in north lati- 
tudes, as this is almost invariably the required direction; the ship being on @& course 
near north or south and rolling, observe the vibrations of the card, which, if the 
error is material, will be in excess of those due to the ship’s real motion in azimuth; 
slowly raise or lower the corrector until the abnormal vibrations disappear, when 
the correction will be made for that latitude; but it must be readjusted upon any 
considerable change of geographical position. 

In making this observation care must be taken to distinguish the vessel’s ‘‘yaw- 
ing’ in a seaway from the apparent motion due to heeling error; for this reason it 
may be well to have an assistant to watch the ship’s head and keep the adjuster 
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informed of the real change in azimuth, by which means the latter may better judge 
the effect of the heeling error. 

In the case of a sailing vessel, or one which for any reason maintains a nearly 
steady heel for a continuous period, the amount of the heeling error may be exactly 
ascertained by observing the azimuth of the sun, and corrected with greater accuracy 
than is possible with a vessel which is constantly rolling. 

Flinders bar.—The simplest method that presents itself for the placing of the 
Flinders bar is one which is available only for a vessel crossing the magnetic equator. 
Magnetic dip charts of the world show the geographical positions at which the dip 
becomes zero—that is, where a freely suspended needle is exactly horizontal and 
where there exists no vertical component of the earth’s total magnetic force. In 
such localities it is evident that the factor of the semicircular deviation due to vertical 
induction disappears and that the whole of the existing semicircular deviation arises 
from subpermanent magnetism. If, then, when on the magnetic equator the com- 
pass be carefully compensated, the effect of the subpermanent magnetism will be 
exactly opposed by that of the semicircular correcting magnets. Later, as the ship 
departs from the magnetic equator, the semicircular deviation will gradually acquire 
a material value, which will be known to be due entirely to vertical induction, and if 
the Flinders bar be so placed as to correct it, the compensation of the compass will 
be general for all latitudes. 

In following this method it may usually be assumed that the soft iron of the 
vessel is symmetrical with respect to the fore-and-aft line and that the Flinders bar 
may be placed directly forward of the compass or directly abaft it, disregarding the 
effect of components to starboard or port. It is therefore merely necessary to ob- 
serve whether a vertical soft iron rod must be placed forward or abaft the compass 
to reduce the deviation, and, having accor tained this fact, to find by experiment the 
exact distance at which it completely corrects the deviation. 

The Flinders bar frequently consists of a bundle of soft iron rods contained in 
a case, which is secured in a vertical position near the compass, its upper end level 
with the plane of the needles; in this method, the distance remaining fixed, the 
intensity of the force that it exerts is varied by increasing or decreasing the number 
of rods; this arrangement is more convenient and satisfactory than the employment 
of a single rod at a variable distance. 

The United States Navy Flinders bar, type II, is made of carefully annealed 

ure soft iron, 2 inches m diameter, total length 24 inches, consisting of pieces 12 
inches, 6 inches, 3 inches, 1% inches, and % inch (2 of these) long. Hardwood blocks 
of the same dimensions are used to support the proper length of Flinders bar at the 
top of a fixed brass tube, which is secured ordinarily at the forward end of the bin- 
nacle in the fore-and-aft line. 

It should be noted, however, that it is extremely difficult to get soft iron rods 
of a satisfactory quality, for, after being placed, they seldom fail to take up more 
or less subpermanent magnetism. This magnetism, due to shock of re, vibra- 
tion while cruising or on speed trials, etc., is subject to greater and more erratic 
changes than that of the harder portion of the hull, and its proximity to the compass 
intensifies the effect of the variations in its magnetic properties. 

When it is not possible to correct the compass at the magnetic equator there 
is no ready practical-method by which the Flinders bar may be placed; the opera- 
tion will then depend entirely upon computation, and as a mathematical analysis 
of deviations is beyond the scope laid out for this work the details of procedure will 
not be gone into; the general principles involved are indicated, and students seeking 
more must consult the various works that treat the subject fully. 

It has been explained that each coefficient of semicircular deviation (B and C) 


is made up of a subpermanent factor varying as a and of a vertical induction factor 


varying as tan 6. If we indicate by Bg and By or Cs, and Cy, respectively, the 
parts due to.each force when H=1 and @=45°, then for any other H and @ we may 
write the equations of the coefficients: 


B=B,Xj+BvXtan 6; and C=CsX py +CvX tan 6. 
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Now if we distinguish by the subscripts , and , the values in the first and in the 
second position of observation, respectively, of those quantities that vary with the 
magnetic latitude, we have: 


B,=BsX Ft BvXten A, B,=BeXqq +BvX tan 62; 


Ci=CsX qq + CvXtan 0, C:=CeX qq +CvX tan 62. 


The values of the coefficients in both latitudes are found from the observations 
made for deviations; the values of the horizontal force and of the dip at each place 
are known from magnetic charts; hence for the first pair of equations just given: 
Errors on E—-W heading 


B, tan 9,—(BiHi— BH.) tan 6 Bs _B, tan 6,—B, tan 4 


H, tan 6,—H, tan 6, H, tan oe tan 6, 
1 


and for the second pair, errors on N-S heading 
C, tan 6— (Cri — CoH) tan 6 Cz__C, tan 6,—C, tan 4 


H, tan 6,—H, tan 4, Hs tan 9, Ha tan 65 
Hi, 


This gives the errors due to vertical soft iron and subpermanent magnetism respec- 
tively in the second latitude when the vessel is on the indicated magnetic headings. 
Correct these errors respectively by the Flinders bar and the small permanent mag- 
‘nets; but since, as before stated, horizontal soft iron may usually be regarded as 
symmetrical, C, is assumed as zero and the bar placed in the midship line. 

The adjustment for change of latitude.—The compensation of quadrantal 
deviation, once properly made, remains effective in all latitudes, excepting as noted 
on pages 71 and 72; but unless a Flinders bar is used a correction of the semicircular de- 
viation made in one latitude will not remain accurate when the vessel has materially 
changed her position on the earth’s surface. With this in mind the navigator must 
make frequent observations of the compass error during a passage and must expect 
that the table of residual deviations obtained in the magnetic latitude of compensation 
will undergo considerable change as that latitude is departed from. The new devia- 
tions may become so large that 1t will be found convenient to readjust the semicircular 
correcting magnets. This pee. is very simple. 

When correctors at right angles are used, provide for steadying the ship, by an 
auxiliary compass or by the pelorus, upon two adjacent magnetic cardinal points. 
Put the ship on heading north or south (magnetic), and raise or lower the athwartship 
magnets or alter their number until the deviation disappears; then steady on east or 
west (magnetic) and similarly adjust the fore-and-aft magnets. Swing ship for a 
rew table of residual deviations. 

It must be borne in mind that the compensation of the compass is not an exact 
science and that the only safeguard is unceasing watchfulness on the navigator’s part. 
As the ship’s iron is pny “hard” and partly ‘‘soft,” the subpermanent magnetism 
may change a hae ly from day to day, especially in a new ship as the magnetism 
absorbed in building ‘‘shakes out.’’ After a ship has been in service for 1 or 2 years, 
the magnetic conditions may be said to be ‘‘settled.” They undergo changes, how- 
ever, to a greater or less extent, on account of the following influences or conditions: 

(1) Continuous steaming on one general course for several days, especially in 
rough weather, or lying alongside a dock on one heading for a long period. 

(2) Extensive alterations or repairs in the vicinity of the compass. The use of 
scaling hammers about the deck have caused a change in the compass. 

(3) Steaming with boilers under forced draft where the funnel is near the com- 
pase has been known to cause a change of more than 10°, the retained magnetism 

eing ‘cooked out.” 

(4) A grounded searchlight circuit has caused a change in the compass. 

(5) Ships have reported changes of as much as 7° when struck by lightning or 
after passing through very severe thunderstorms. 
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The binnacle fittings must be carefully inspected from time to time to see that 
the correctors have not changed position. At least once a year the quandrantal 
correctors should be examined for polarity. This can be done by moving them, 
one at a time, as close to the compass as practicable and then revolving them slowly 
about the vertical axis; if the compass is deflected, the magnetism should be removed 
by bringing the sphere to a low red heat and then letting it cool slowly. 

There 18 little excuse for large deviations in a standard or steering compass, and they 
should not be allowed to exist. 

No matter how well a compass may be adjusted observations for deviation should be 
made during every watch. Special observations should be made after any change of 
course exceeding 15°. Retained magnetism cannot be compensated. 
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CHAPTER IV 
PILOTING 


Piloting, in the sense given the word by modern and popular usage, is the art of 
conducting a vessel in channels and harbors and along coasts, where landmarks and 
aids to navigation are available for fixing the position, and where the depth of water 
and dangers to navigation are such as to require a constant watch to be kept upon the 
vessel’s course and frequent changes to be made therein. 

Piloting is the most important part of navigation and the part requiring the most 
experience and nicest judgment. An error in position on the high seas may be rectified 
by later observation, but an error in position while piloting usually results in disaster. 
Therefore the navigator should make every effort to be proficient in this important 
branch, bearing in mind that a modern vessel is usually safe on the high seas and in 
danger when approaching the land and making the harbor. 

Requisites——The navigator should have ready on approaching the land the 
charts of the coast and the largest scale detail charts of the locality at which he ex- 
pects to make his landfall, the sailing directions, the light and buoy list, and the tide 
and current tables, all corrected for the latest information from the Notices to Mariners 
and other sources. ‘The usual instruments employed in navigation should be at hand 
and in good working order. The most important instrument—the sounding machine 
or fathometer—should be in place and in working order at least & day before the land 
is to be made. The importance of the soundings when making a landfall cannot be exag- 
gerated. The latest deviation table for the standard compass must be at hand. 

Laying the course.—Mark a point upon the chart at the ship’s position; then 
mark another point for which it is desired to steer; join the two by a line drawn 
with the parallel ruler, and, maintaining the direction of the line, move the ruler 
until its edge passes through the center of the compass rose and note the direction. 
If the compass rose indicates true directions, this will be the true course, and must 
be corrected for variation and deviation (by applying each in the opposite direction 
to its name) to obtain the compass course; if it is a magnetic rose, the course need 
be corrected for deviation only. 

Before putting the ship on any course a careful look should be taken along the 
line over which it ieada to be assured that it clears all dangers. 

Fixing position methods.—A navigator in sight of objects whose positions are 
shown upon the chart may locate his vessel By, any one of the following basic methods: 
(a) cross bearings of two known objects; (6) the bearing and distance of a known 
object; (c) the bearing of a known object and the angle between two known objects; 
(d) two bearings of a known object separated by an interval of time, with the run 
during that interval; (e) sextant angles between three known objects. Besides the 
foregoing there are two methods by which, without obtaining the precise position, 
the navigator may assure himself that he is clear of any particular danger. These 
are: Ah the danger angle; (g) the danger bearing. 

he choice of the method will be governed by circumstances, depending upon 
which is best adapted to prevailing conditions. 3 

Radio compass stations and Radio direction finders now enable the navigator 
to obtain bearings far beyond the range of visibility, and also at night or in a fog. 
The use of radio bearings is but an extension of the basic methods just listed, whic. 
methods will be described in detail first. 

Cross bearings.—Choose two objects whose position on the chart can be unmis- 
takably identified and whose respective bearings from the ship differ, as nearly as 
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possible by 90°; observe the bearing of each, either by compass or pelorus, taking 
one as quickly as possible after the other; see that the ship is on an even keel at the 
time the observation is made, and, if using the pelorus, be sure also that she heads 
exactly on the course for which the pelorus is set. Correct the bearings so that they 
will be either true or magnetic, according as they are to be plotted by the true or 
magnetic compass rose of the chart—that is, if observed by compass, apply deviation 

the magnetic. 


and variation to obtain the true bearing, or deviation only to obtain 
If observed by pelorus, that instrument should be set for 
the true or magnetic heading, according to which reading 
is required, and no further correction will be necessary. 
Draw on the chart, by means of the parallel rulers, lines 
which shall pass through the respective objects in the 
direction that each was observed to bear. As the ship’s 
position on the chart is known to be at some point on 
each of these lines, it must be at their intersection, the 
only point that fulfills both conditions. 

In figure 27, if A and B are the objects and OA and 
OB the lines passing through them in the observed direct- 
ions, the ship’s position will be at O, their intersection. 

When a third object is available a bearing of that 
may be taken and asic If this line intersects at 
the same point as the other two (as the bearing OC of 
the object C in the figure), the navigator may have a Fieure 27. 
reasonable assurance that his ‘‘fix” is correct; if it does 
not, it indicates an error somewhere, and it may have ariSen from inaccurate observa- 
tion, incorrect determination or application of the deviation, or a fault in the chart. 

If it be possible to avoid it, objects should not be selected for cross bearings which 
subtend an angle at the ship of less than 30° or more than 150°, as, when the lines 
of bearing approach pairs a small error in an observed bearing gives a large 
error in the result. For a similar reason objects near the ship should be taken in 
preference to those at a distance. 

What may be considered as a form of this method can be used when only one. 
known object is in sight by taking, at the same instant as the bearing, an altitude 

of the sun or other heavenly body and noting the 
time; work out the sight and obtain the line of po- 
sition, and the intersection of this with the direction 

0 A line from the object will give the observer’s position 
in the same way as from two terrestrial bearings. 

Bearing and distance of a known object.— When 
only one object is available, the ship’s position may 
be found by observing its bearing and distance. 
Follow the preceding method in the manner of tak- 
ing, correcting, and plotting the bearing; then, on 
this line, lay off the distance from the object, which will give the point occupied 
by the observer. In figure 28, if A represents the object and AO the bearing and 
distance, the position sought will be at O. 

The stadimeter is an instrument similar to a sextant, employed in the United 
States Navy, reading directly the distance of the object observed when set for the 
height of the object. 

Range-finding instruments are used in the United States Navy for readily finding 
the distance of an observed object, and these instruments do not require knowledge 
of the height of the object. 

It is not ordinarily easy to find directly the distance of an object at sea. The 
most accurate method is when its height 1s now and it subtends a fair-sized angle 
from the ship, in which case the angle may be measured by a sextant and the dis- 
tance computed or taken from a table. Table 9 of this work gives distances up to 
5 miles, corresponding to various heights and angles. Table 10 gives distances up to 
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85 miles for elevations up to 15,500 feet, and Captain Lecky’s ‘‘Danger Angle and 
Offshore Distance Tables” carries the computation much further. The use of this 
method at great distances must not be too closely relied upon, as small errors, such 
as those due to refraction, may throw out the results to a material extent, but it 
affords an excellent approximation; and, as this method of fixing position is employed 
only when no other is available, the best possible approximation has to suffice. 

In measuring vertical angles, strictness requires that the observation should be 
s0 made that the angle at the foot of the object should equal 90° and that the triangle 
be a right triangle, as OMN, figure 29, where the line OM is truly horizontal, and not 
as in the triangle O’MN, where the condition is not fulfilled. This error is inappre- 
ciable, however, save at very close distances, when it may be sufficiently sorrected by 

etting down as low as possible on board the vessel, so that the eye is near the water 
fine. One condition exists, however, where the error is material—that shown in 
figure 30, where the visible shore line is at M’, a considerable distance from M, the 
point vertically below the summit. In this case there is nothing to mark M in the 
observer’s eye, and it is essential that all angles be measured from a point close 
down to the water line. | 

If a choice of objects can be made, the best results will be obtained by observing 
ie one which subtends the greatest angle, as small errors will then have the least 
effect. 

There is another method, known as Buckner’s method, for determining the dis- 
tance of an object, which is available under certain circumstances. This consists 
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in observing, from a position aloft, the ane between the object and the line of the 
sea horizon beyond. By reference to Table 11 will be found the distance in yards 
corresponding to different angles for various heights of the observer from 20 to 120 
feet. The method is not accurate beyond moderate distances (the table being 
limited to 5,000 yards) and is obviously only available for finding the distance of an 
isolated object, such as an islet, vessel, or target, over which the horizon may be 
seen. In emplo ing this method the higher the position occupied by the observer 
the more precise will be the results. 

In observing small angles, such as those that occur in the methods just described, 
it is sometimes convenient to measure them on and off the limb of the sextant. First 
look at the bottom of the object and reflect the top down into coincidence; then look 
through the transparent part of the horizon glass at the top and bring the bottom 
up by its reflected ray. The mean of the two readings will be the true angle, the 
index correction having been eliminated by the operation. 

When the methods of finding distance by a vertical or a horizon angle are not 
available, it must be obtained by such means as exist. Estimate the distance by 
the appearance; take a sounding, and note where the depth falls upon the line of 
bearing; at night, if atmospheric conditions are normal, consider that the distance of 
a light when sighted is equal to its maximum range of visibility, remembering that 
its range is stated for a height of eye of 15 feet; or employ such method as suggests 
pal under the circumstances, regarding the result, however, as an approximation 
only. . 

vThe bearing of a known object and the angle between two known objects.— 

This method is seldom employed, as the conditions always permit of cross bearings 
being taken, and the latter is generally considered preferable. 

ake a bearing of a known object by compass or pelorus and observe the sex- 

tant angle between some two known objects. The line of bearing is plotted as in 


PILOTING 83 


former methods. In case one of the objects of the observed angle is that whose 
bearing is taken, the angle is appHeC ight or left as the case may be, to the bearing; 
thus giving the direction of the second object, which is plotted from the compass 
rose and parallel rulers. If the object whose bearing is taken is not one of the objects 
of the angle, lay off the angle on a three-armed protractor, or piece of tracing paper, 
and swing it (keeping the legs or lines always over the two objects) until it passes 
over the line of bearing, which defines the position of the ship; there will, except in 
special cases, be two points of intersection of the line with the circle thus described, 
and the navigator must know his position with sufficient closeness to judge which 
is correct. 

Two bearings of a known object.—This is a most useful method, which is 
frequently employed, certain special cases arising thereunder being particularly easy 
of application. The process is to take a careful bearing and at the same moment 
read the patent log; then, after running a convenient distance, take a second bearing 
and again read the log, the difference in readings giving the intervening run; when 
running at a known speed, the time interval will also afford a means for determining 
the distance run. 

The problem is as follows: In figure 31, given OA, the direction of a known 
object, A, at the first observation; PA, the direction at the second 
observation; and OP, the distance traversed between the two; 
to find AP, the distance at the second observation. 

Knowing the angle POA, the angular distance of the object 
from right ahead at the first bearing; OPA, the angular distance 
from right astern at the second bearing; and OP, the distance 
run; we have by plane trigonometry: 


PAO=180°—(POA+OPA); and 
sin 
AP=OP Xi PAO 


If, as is frequently the case, we desire to know the distance 
of passing abeam we have: 


AQ=APXsin OPA. Figure 31. 


Table 7 gives solutions for this Nabe for intervals of 2°. The first column 
gives the value of AP, the distance of the ship from the observed object at the time 
of taking the last bearing, for values of OP equal to unity; that is, for a run between 
bearings of 1 mile. The second column gives AQ, the distance of the object when it 
bears abeam, likewise for a value of OP of 1 mile. When the run between bearin 
is other than 1 mile, the number taken from the table must be used as a multiplier of 
that run to give the required distance. 


Example.—A vessel on a course 128° takes the first bearing of an object at 154°, and the second 
at 182°, running in the interval 0.8 mile. Required the distance at ats she will pass abeam. 


Difference between course and first bearing, 26°. 
Difference between course and second bearing, 54°. 
Multiplier from second column, Table 7, 0.76. 

0.8 mileX0.76=0.6 mile, distance of passing abeam. 


As has been said, there are certain special cases of this problem where it is excep- 
tionally easy of application; these arise when the multiplier is equal to unity and 
the distance run is therefore equal to the distance from the object. When the angular 
distance on the bow at the second bearing is twice as great as it was at the first bearin 4 
the distance of the object from the gen at second bearing is equal to the run, the multi- 
plier being 1.0. For if, in figure 32, when the ship is in the first position, O, the object 
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A bears a° on the bow, and at the second position, P, 2a°, we have in the triangle 
APO, observing that APO=180°—2a, and POA=a: 


PAO=180°—(POA+APO), 
- =180°—(a+180°—2a), 


— ad. 


Or, since the angles at O and A are equal to each other, the sides 
OP and AP are equal or the distance at second bearing is equal to 
the run. This is known as doubling the angle on the bow. 

Bow and beam bearing.—A case where this holds good is 
familiar to every navigator as the bow and beam bearing, where 
the first bearing is taken when the object is broad on the bow (45° 
from ahead) 4 the second when it is abeam (or 90° from ahead). 
In that case the distance at second bearing and the distance abeam 
are identical and equal to the run between bearings. 

Bearings of objects are frequently given with reference to 
the fore and aft line of the vessel. They are known as relative 
g bearings. The terms on the bow, beam, or quarter, mean 4 points 

or 45°, 8 points or 90°, and 12 points or 135°, from the 
ship’s head. 

The following table is taken from the table of natural tangents (Table 31), and is 
useful for finding the distance from an object when abeam, by the distance run between 
the beam bearing and any other bearing before or abaft the beam. 
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Rule.—Enter the table with the number of degrees the object is observed to bear on the bow 
aad take out the factor. The miles steamed during the interval between observations multiplied 
by this factor will give in miles the desired distance off when abeam. 

Ezxample.—A vessel steaming at 10 knots observes a light bearing 70° on the bow, 24 minutes 
later the light was abeam. Required the distance off when abeam. ‘The factor corresponding to 70° 
is 2.75, which multiplied by 4 ‘like number of miles run during the interval) will give the required 
quantity as 11 miles. 


From the above table it will be noted that— 

First bearing 45° on bow; second bearing abeam. Distance steamed equals distance off object. 

Die tone 6314° on bow; second bearing abeam. Twice distance steamed equals distance off 

oo0ject. . 

First bearing 714° on bow; second bearing abeam. Three times distance steamed equals 

distance off object. 

Distance passed abeam.—When the first bearing is 26%° from ahead, and the 
second 45°, the distance at which the object will be passed abeam will equal the run 
between bearings. This is true of any two such bearings whose natural cotangents 
differ by unity, and the following table is a collection of solutions of this relation 
in which the pairs of bearings are such that, when observed in succession from ahead 
upon the same fixed object, the distance run between the bearings will be equal to the 
distance of the fixed object when it bears abeam, provided that a steady course has 
been steered, unaffected by current or drift. 

The marked pairs will probably be found the most convenient ones to use, as they 
involve whole degrees only. 

When the fixed object bears as per any entry of the first column, take the time 
and the reading of the patent log. Repeat this procedure on reaching the bearing of 
the adjacent entry in the second column. The difference of the patent-log readings 
will be the distance at which the fixed object will be passed abeam. 
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Bearings from ahead (Relative) 


This general solution includes the 26%°-45° rule as well as the seven-tenths rule 
to be explained later; furthermore, it has the advantage that the approximate deter- 
mination of the distance offshore, at which the fixed object will be passed, need not 
wait for the 45° bearing. 

There are two whole-degree pairs by which such a determination can be made 
before the 45° bearing is reached. It is possible to get five whole-degree bearings on 
observations by the time the fixed object bears 30° forward of the beam, as follows: 
22°-34°, 25°-41°, 27°-46°, 29°-51°, 32°-59°. Of these, the last three should be 
reasonably accurate; the acuteness of the first angle in all such observations accounts 
for the discrepancies noted in practice. The use of the table given above may be found 
to be more convenient than the methods of plotting about to be described, and the 
use of Table 7; but it does not take the place of those methods. Table 7 covers all 
. combinations of bearings in which the first bearing is taken when the object is 20° or 
more on the bow. 

The seven-tenths rule.—If bearings of the fixed object be taken at two (2) and 
four (4) points on the bow (22%° and 45°), seven-tenths (0.7) of the run between 
bearings will be the distance at which the point will be passed abeam. 

From the combination of the seven-tenths rule and the 26%°-45° rule, there 
follows an interesting corollary, 1. e., if bearings of an object at 22%° and 26%° on the 
bow be taken, then seven-thirds (%) of the distance run in the interval will be the 
distance when abeam. 

If a bearing is taken when an object is two (2) points (22%°) forward of the beam, 
and the run until it bears abeam is measured, then its distance when abeam 1s seven- 
thirds (4) of the run. This rule, particularly, is only approximate. 

In case the 45° bearing on the bow is lost, in order to find the distance abeam 
that the object is passed, note the time when the object bears 26%° forward of the 
beam, and again when it has the same bearing abaft the beam; the distance run in 
this interval 1s the distance of the object when it was abeam. 

To steer an arc course in order to round a light, point, or other object, without 
fixes, and be sure the course itself does not decrease the initial distance, proceed as 
follows if there is no current, for which allowance must be made. Stand on course 
until the light is at the required distance, determined by one or more of the methods 
described. Immediately bring the light abeam, and do not let it get forward of the 
beam again, then the course will not decrease the initial distance. When the light is 
one-half point abaft the beam again bring it abeam; hold course until it is again one- 
half point abaft the beam, repeating this procedure until the light is rounded. A poly- 
gon is thus described, whose nearest approach to the light is the initial distance. The 
number of sides of the polygon may be increased indefinitely, so that the light may be 
rounded, by changing the course just enough to keep the hght abeam, after it 1s first 
brought abeam. 

raphic methods.—There are graphic methods of solving this problem that 
are considered by some more convenient than the use of multipliers. Draw upon the 
chart the lines OA and PA (fig. 33), passing through the object on the two A ae 
bearings; set the dividers to the distance run, OP; lay down the parallel rulers in a 
direction parallel to the course and move them toward or away from the observed 
object until some point is found where the distance between the lines of bearing is 
exactly equal to the distance between the points of the dividers; in the figure this 
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occurs when the rulers lie along the line OP, and therefore O represents the position 
of the ship at the first bearing and P at the second. For any other positions—O’P’, 
O’’P’’— the condition is not fulfilled. . 

A graphic method often used to fix the vessel’s approximate position by successive 
bearings on the same object, is to “run up”’ previous 
bearings to the time of the last one. 

In figure 34 taking XY as the course of the vessel 
proceeding past an object O, lay off OZ parallel to XY. 
Considering OA as the first bearing, at the time the 
second bearing OB is observed, compute the distance 
made good during the time interval between the two 
bearings. Measure this distance off along OZ, givin 
the point P, from which lay down the line PA’, 
parallel to OA. The intersection of PA’ with OB is 
the approximate fix of the vessel. Similarly, at the 
time of the third bearing OC, compute and lay off 
the distances made since the first and second ings, 
and lay down the ‘‘run up” bearings P’A’’ and QB’. 

Another fag ore solution 1s given by the maneu- 
vering board and the various modifications of it that 
are in use among navigators. 

The method of obtaining position by two bearings 

man euas of the same object is one of great value by reason of 
the fact that it is frequently necessary to locate the 
vessel when there is but one landmark in sight. Careful navigators seldom, if ever, 
miss the opportunity for a bow and beam bearing in passing a lighthouse or other 
well-plotted object; 1t involves little or no trouble, and always gives a feeling of added 
security, however little the position may be in doubt. If about to pass an object 
abreast of which there is a danger—a familiar example of which is when a lighthouse 
marks a point off which are rocks or shoals—a good assurance of clearance should 
be obtained before bringing it abeam, either by doubling the angle 
on the bow, or, if the object be sighted in time, by using any of 
the pairs of bearings tabulated above. 

Error of fix.—It must be remembered that, however con- 
venient, the fix obtained by two bearings of the same object will 
be in error unless the course and distance are correctly estimated, 
the course “made good” and the distance ‘over the ground”’ 
being required. Difficulty will occur in estimating the exact 
course when there is bad steering, a cross current, or when a ship 
is aiocinn denials ; errors in the allowed run will arise when the 
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vessel is being set ahead or back by a current or when the loggi 

is inaccurate. A current directly with the course of the ship, if SSN PA 
unallowed for, will give a determination of position too close to —- 
the object observed; and a current directly against the course of \ \ 
the ship, if unallowed for, will give a determination of position \ 

too far away from the object observed. The existence of such a \ 
current will not be revealed by taking more than two successive < 
bearings. All such observations will place the ship on the same yA 


apparent course, which course will be parallel to the course made 
good and to the course steered but in error in its distance from the 
oheerved object by an amount dependent upon the ratio of the speed of ship over ground 
to the speed of ship by log. A current oblique to the course of the ship will give a deter- 
mination of position which will be erroneous. The existence of such a current but not 
its amount will be revealed by taking more than two observations; in this case, follow- 
ing the usual method of plotting, the determination resulting from any two successive 
ona will fail to agree with the determination from any other two. If, in such a 
case, the observed bearings be drawn upon the chart and the distances run by log 
between them be laid down on the scale of the chart upon a piece of paper, a course 
may be found by trial, upon which course the intervals of run correspond with the 
intervals between the lines of bearing. The apparent course thus determined, which 
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must always be oblique to the course steered, will be parallel to the course actually 
being made good, but will be in error in its distance from the observed object by an 
amount dependent upon the ratio of the speed of ship over the ground to the speed 
of ship by log. If there is an apparent shortening of the distance run from earlier to 
later observations, or a shortening of the time if the speed is invariable, there is a com- 
ponent of set toward the fixed object. Therefore, 1f in a current of any sort, due 
allowance must be made, and it should be remembered that more dependence can be 
placed upon a position fixed by simultaneous bearings or angles, when two or more 
objects are available, than by two bearings of a single object. 

At 2" 00™ p. m. a bearing observed on a lighthouse was 344° when the vessel 
was steaming 270° (true) at 12 knots, a 3 knot tide was setting the vessel northeast 
(45°). At 2" 20™ the lighthouse bore | 


10° true. Plot position (fig. 35). a cn 
Sextant angles between three known 
objects.—This method, involving the 
solution of the three-point problem, will, 
if the objects be well chosen, give the 
most accurate results of any. It is 
largely employed in surveying, because 
of its precision; and it is especially val- 
uable in navigation, because 1t is not sub- wincaese 
ject to errors arising from imperfect 
owledge of the compass error, improper logging, or the effects of current, as are the 
methods previously described. 
hree objects represented on the chart are selected and the angles measured 
with sextants of known index error-between the center one and each of the others. 
Preferably there should be two observers and the two angles be taken simultaneously, 
but one observer may first take the angle which is changing more mee then take 
the other, then repeat the first angle, and consider the mean of the first and last 
observations as the value of the first angle. The position is usually plotted by means 
of the three-armed protractor. Set the right and left angles on the instrument, and 
then move it over the chart until the three beveled edges pass peepee yey and simul- 
taneously through the three objects. The center of the instrument then mark 
the ship’s position which may be pricked on 
the chart or marked with a pencil point through 
the center hole. When the three-armed protrac- 
tor is not at hand, the tracing-paper protractor 
will prove an excellent substitute, and may in 
some cases be preferable to it, as, for instance, 
when the objects angled on are so near the ob- 
server as to be hidden by the circle of the in- 
strument. A graduated circle printed upon trac- 
ing paper permits the angles being readily laid 
off, but a plain piece of tracing paper may be 
used and the angles marked by means of a small 
protractor. The tracing-paper protractor per- 
eee ry mits the laying down, for simultaneous trial, of a 
numberof angles, wherespecial accuracy issought. 
The three-point problem, by which results are obtained in this method, is: to 
find a point such that three lines drawn from this point to three given points shall 
make given angles with each other. 
: Let A, B, and C, in figure 36, be three fixed objects on shore, and from the ship, 
_ at D, suppose the ane CDB and ADB are found equal, respectively, to 40° and 60°. 
With the complement of CDB, 50°, draw the lines BE and CE; the point of 
intersection will be the center of a circle, on some point of whose circumference the 
ship must be. Then, with the complement of the angle ADB, 30°, draw the lines 
and BF, meeting at F, which point will be the center of another circle, on some 
point of whose circumference the ship must be. Then D, the point of intersection 
of the circumference of the two circles, will be the position of the ship. 
The correctness of this solution may be seen as follows: Take the first circle, 
DBC; in the triangle EBC, the angle at E, the center, equals 180°—2X50°=2 
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(90°—50°), twice the complement of 50°, which is twice the observed angle; now 
if the angle at the center subtended by the chord BC equals twice the observed angle, 
then the angle at any point on the circumference subtended by that chord, which 
equals half the angle at the center, equals the observed angle; so the required condition 
is fulfilled. Should either of the angles exceed 90°, the excess of the angle over 90° 
must be laid off on the opposite side of the lines joining the stations. 

The intersection of the circles becomes less sharp as the centers E and F approach 
each other; and finally the problem becomes indeterminate when the centers coin- 
cide—that is, when the three observed points and the observer’s position all fall upon 
the same circumference; the two circles then coincide and there is no intersection. 
Such a case is called a “revolver” or ‘‘swinger,” because the protractor will swing 
around the whole of the explement of the arc ABC, everywhere passing through the 
observed points. The avoidance of the swinger and the employment of large angles 
and short distances form the keys to the selection of favorable objects. 

Generally speaking, the observer, in judging which objects are the best to be 
taken, can picture in his eye the circle passing through the three points and note 
whether it comes near to his own position. If it does, he must reject one or more 
of the objects for another or others. It should be remembered that he must avoid 
not only the condition where the circle passes exactly through his position (when 
the problem is wholly indeterminate), but also all conditions approximating thereto, 
for in such cases the circles will intersect at a very acute ania and the inevitable 
ag errors of the observation and plotting will produce large errors in the resulting 


Without giving an analysis of reasons, which may be found in various works 
that treat the problem in detail, the following may be enumerated as the general 
conditions which result in a good fix: 

(a) When the center abject of the three lies between the observer and a line 
joining the other two, or lies nearer than either of the other two. 

(6) When the sum of the right and left angles is equal to or greater than 180°. 

(c) When two of the objects are in range, or nearly so, and the angle to the third 
is not less than 30°. 

(2) When the three objects are in the same straight line. 

A condition that limits all of these is that angles should be large—at least as 
large as 30°—excepting in the case where two objects are in range or nearly so, and 
then the other angle must be of good size. When possible, near objects should be 
used rather than distant ones. The navigator should not fall into the error of assum- 
ing that objects which would give good cuts for a cross bearing are necessarily favorable 
for the three-point solution. 

In a revolver, the angle formed by lines drawn from the center object to the 
other two, added to the sum of the two observed angles, equals 180°. A knowledge 
of this fact may aid in the choice of objects. | 

If in doubt as to the accuracy with which the angles will plot, a third angle to 
a fourth object may be taken. Another way to make sure of a doubtful fix is to take 
one compass bearing, by means of which even a revolver may be made to give a good 
position. 

The danger angle.—When steaming along a coast, to avoid sunken rocks, or 
shoals, or dangerous obstructions at or below the surface of the water, and which are 
marked on the chart, the navigator may pass these at any desired distance by usin 
what is known as a danger angle, of which there are two kinds, namely, the horizont 
and vertical danger angles. The former requires two well-marked objects indicated on 
the chart, lying in the direction of the coast, and sufficiently distant from each other 
yews a fair-sized horizontal angle; the latter requires a well-charted object of known 

eight. | 

In figure 37, let AMB be a portion of the coast along which a vessel is steaming on 
the course CD; A and B two prominent objects shown on the chart; S and S’ are two 
outlying shoals, reefs, or dangers. In order to pass outside of the danger S’ take the 
middle point of the danger as a center and the given distance from the center it is 
desired to pass as radius, and describe a circle. Pass a circle through A and B tangent 
to the seaward side of the first circle. To do this, it is only necessary to join A and B 
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and draw a line perpendicular to the middle of AB, and then ascertain by trial the 
location of the center of the circle EAB. Measure the angle AEB, set the sextant to 
this angle, and remembering that AB subtends the same angle at all points of the arc 
AEB, the ship will be outside the arc AEB, and clear the danger S’, as long as AB does 
not subtend an angle greater than AEB, to which the sextantis set. At the same time 
in order to avoid the dangerS, take the middle point of the danger S and with the desired 
distance as 8 radius describe a circle. Pass a second circle through A and B tangent 
to this circle at G, measure the angle AGB with a protractor, then, as long as the chord 


PIGURE 37. FIGvuRE 38. 


AB subtends an angle greater than AGB, the ship will be inside the circle AGB. 
Therefore, the ship will pass between the dangers S and S’ as long as the angle sub- 
tended by AB is less than AEB and greater than AGB. 

The vertical danger angle involves the same general principle, as can be readily 
seen without explanation by reference to the figure 38 in which represents a vertical 
object of known height. 

The danger bearing.—This is a method by which the navigator is warned by a 
compass bearing when the course is leading into danger. A i a, vessel to be steer- 

ing @ course, as indicated in figure 39, along a coast which must 

not be approached within a certain distance, the landmark A 
being a guide. Let the navigator draw through A the line XA, 
clear of the danger at all points, and note its direction by the 
compass rose; then let frequent bearings be taken as the ship 
Ua pat and so long as the bearings YA, ZA, are to the right of 
he may be assured that he is on the left or safe side of the line. 

If, as in the case given, there 1s but one object in sight and 
that nearly ahead, it would be very difficult to get an exact 
position, but this method would always show whether or not 
the ship was on a good course, and vould, in consequence, be 
of the greatest value. And even if there were other objects 
visible by which to get an accurate fix 1t would be a more simple 
matter to note, by an occasional glance over the sight vane of 
the pelorus or compass, that the ship was making good a safe 
x course than to be put to the necessity of plotting the position 

FIGURE 39. each time. “ : — 

It will occasionally occur that two natural objects will so 
lie that when in range they mark a danger bearing; advantage should be taken of all 
such, as they are easier to observe than a compass bearing; but if in a locality with 
which the navigator has not had previous acquaintance the compass bearing of all 
ranges should be observed and compared with that indicated on the chart in order to 
make sure of the identity of the objects. The utility of ranges, either artificial or 
natural, as guides in navigation, extends also to established ines of bearing giving 
the true or magnetic direction of fixed objects, such as lines of bearing limiting the 
sectors of navigational lights. 
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Radio bearings may be saat hi in determining a vessel’s position, utilizing the 
basic methods described above. They are particularly useful during fog or periods of 
reduced visibility, and when beyond visible range of the shore. 

Radio bearings may be obtained through the use of radio-direction finders on 
board ship, radio-direction-finder stations on shore, and special radio beacons on shore. 

A radio-direction finder is basically a radio receiving set, equipped with a special 
loop type of antenna mounted on a dummy compass and ea pable of being rotated 
in azimuth. When the plane of the loop is parallel to the direction of the incoming 
signal, the signal is received at maximum strength; when the loop is rotated so that 
its plane is perpendicular to the direction of the incoming signal, the signal is received 
at minimum strength. Thus the direction of the incoming signal may be determined. 

The presence of electrical conductors near the direction finder creates errors in 
the indication of the true direction of the incoming signal in much the same manner 
as the presence of iron near a magnetic compass creates errors in the indications of 
that compass. The amount of this error (called the deviation) must be known and 
applied to the indicated bearing in order to obtain the true bearing of the radio signal. 
It should be noted that this error, in a direction finder installed aboard ship, depends 
upon the bearing relative to the ship’s head, and 1s, therefore, different for each bearing. 
A deviation curve can be made for the radio direction finder similar to the one for the 
ship’s compass. 

The accuracy of a bearing 1s also affected by inaccurate tuning of the direction 
finder and the transmitter, the presence of land batwecs the station and vessel, and 
‘night effect.’”? Night effect may be encountered from one-half hour before sunset 
to one-half hour after sunrise, and results in erratic bearings. Normally, bearings may 
be considered to be accurate within 2° up to a range of 150 miles. 

Hydrographic Office Publication No. 205, “Radio Aids to Navigation,” sets 
forth, in detail, the regulations and procedure concerning radio bearings and lists the 
location, frequency, and other details of all stations which may be employed by a 
navigator in determining his position by radio. A copy of this book should be in the 
radio room or on the Bees for ready reference. 

In order to obtain a bearing from a radio-direction-finder station ashore, the 
eee Jaid down in Hydrographic Office Publication No. 205 must be followed. 

tated briefly, a ar desiring a bearing calls the direction-finder station on the pre- 
scribed frequency, the station replies and directs the vessel to send M. O.’s. The 
vessel transmits M. O.’s for 50 seconds, the station then informs the vessel of her true 
bearing from the station. Bearings reported by the station as ‘‘doubtful’”’ should be 
used with great caution. 

In certain areas two or three stations may operate as a group, with one station 
as the master or control station of the group. By following the prescribed procedure 
a vessel may request her bearings from all or a number of stations of the group simul- 
taneously. The master station in this case transmits the desired bearings to the 
vessel. Group bearings of this type give the navigator a “‘fix’’ which is accurate 
within small limits. 

Certain direction-finder stations, particularly those on islands or extended capes, 
are equipped to furnish two corrected true bearings for any observation. Such bear- 
ings when furnished ships may differ by approximately 180° and whichever bearing is 
suitable should be used. Mariners receiving bearings which are evidently the approxi- 
mate reciprocal of the correct bearing should not attempt to correct these bearings by 
applying 180° correction, as such a correction would not include the correct deviation 
error at the direction-finder station. Vessels receiving bearings manifestly in the 
wrong semicircle should request the other bearings from the direction-finder station. 

Radio-direction-finder sets aboard ship enable bearings to be taken of transmis- 
sions by radio beacons, other ships, aircraft, and shore stations. The bearings 
obtained are relative bearings and the true bearings are found by applying the ship’s 
heading and the deviation error to the bearings obtained. 

In some sets the operator cannot tell from which side of the ship the signals are 
coming. If in doubt, another bearing should be taken a short time later, after the 
ship has steamed a short distance and the direction the bearing is changing noted. 

Radio-beacons have been established at appropriate places along the coast line. 
These beacons are mechanically operated to send out radio waves of approximately 
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uniform strength in all directions. Vessels equipped with radio-direction finders can 
take their own bearings of these radio beacons at any time. Each radio beacon has a 
characteristic signal to facilitate identification by the navigator. The location of the 
oe and the characteristics of each may be found in Hydrographic Office Publica- 
tion No. 205. 

Plotting radio bearings.—Radio bearings are plotted on the chart and used to 
obtain a “‘fix” in the same manner as visual bearings are plotted. They may be used 
separately when no other bearings are available, or they may be combined with visual 
bearings having due regard for the possible inaccuracies of the radio bearing. 

A track of a radio wave between the transmitter and a receiver is a great circle 
track. It can be plotted directly upon a gnomonic or Lambert chart, but to plot it 
on the more generally used Mercator chart, a correction must be applied to convert 
the great circle bearing toarhumb line. Table 1 is a conversion table for this purpose. 
The explanation of Table 1 should be read carefully before applying corrections. The 
correction to 8 radio bearing when the distance is less than 50 miles is negligible and 
is not usually gpa For distances over 50 miles, however, the correction may make 
an appreciable difference in the plotted position. 

Radio bearings are not absolutely accurate, due to any of the reasons more fully 
discussed in Hydrographic Office Publication No. 205. However, barring unusual 
conditions the bearings given by shore stations may be considered accurate to within 
2°. In plotting it is suggested that lines be drawn upon both sides of each radio 

ing at an angular distance from the bearing equal to the estimated probable 
error. In case of intersecting radio bearings the ship’s most probable position is in 
the area inclosed by these outer lines. 

Soundings.— The practice should be followed of employing one or two leadsmen 
to take and report soundings continuously while in shoal water or in the vicinity of 
dangers. The soundings must not be regarded as fixing a position, but they afford a 
check upon the positions obtained by other methods. An exact agreement with the 
soundings on the chart need not be expected, as there may be some little inaccuracies 
in reporting the depth on a ship moving with speed through the water, or the tide may 
cause a discrepancy, or the chart itself may lack perfection; but the soundings should 

ee in a general way, and a marked departure from the characteristic bottom shown 
on the chart should lead the navigator to verify his position and proceed with caution; 
especially is this true if the water 1s more shoal than expected. 

But if the soundings in shallow water when landmarks are in sight serve merely 
as an auxiliary guide, those taken (usually with the sonic depth finder, sounding 
machine, or deep-sea lead) when there exist no other means of ieeaine the position, 
fulfill a much more important purpose. In thick weather, when approaching or run- 
ning close to the land, and at all times when the vessel is in less than 100 fathoms of 
water and her position is in doubt, soundings should be taken continuously and at 
regular intervals, and, with the character of the bottom, systematically recorded. 
By laying the soundings on tracing paper, along a line which represents the track of the 
ship according to the scale of the chart, and then moving the paper over the chart, 
keeping the various courses parallel to the corresponding directions on the chart, 
until the observed soundings agree with those laid down, the ship’s position will 
then be approximately determined.' While some localities, by the sharpness of the 
characteristics of their soundings, lend themselves better than others to accurate 
determinations by this method, there are few places where the navigator cannot at 
least keep out of danger by the indications, even if they tell him no more than that 
the time has come when he must anchor or hie off till conditions are more favorable. 

Lights.— Before coming within range of a light the navigator should acquaint 
himself with its characteristics, so that when sighted it will be recognized. The charts, 
sailing directions, and light lists give information as to the color, character, and range 
of visibility of the various lights. Care should be taken to note all of these and com- 
pare them when the light is seen. If the light is of the flashing, quick flashing, or 
occulting variety the duration of its periods should be noted with a stop watch to 
identify 1t. If a fixed light, a method that may be employed to make sure that it is 
not a vessel’s light is to descend several feet immediately after sighting it and observe 
if it disappears from view; a navigational light will usually do so, excepting in misty 
weather, while a vessel’s light will not. The reason for this is that navigational lights 


1 It is possible to fit a line of soundings in several positions on a chart. so caution sbould be used with this plan. 
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are as a rule sufficiently powerful to be seen at the farthest point to which the ray 

can reach without being interrupted by the earth’s curvature. They are therefore 

seen at the first moment that the ray reaches an observer on a ship’s deck, and are 

cut off if he lowers the eye. A vessel’s light, on the other hand, 1s usually limited 

i ie pueUally and does not carry beyond a distance within which it is visible at 
eights. 

Care must be taken to avoid being deceived on first sighting a light, as there are 
various errors into which the inexperienced may fall. The glare of a powerful light 
is often seen beyond the distance of visibility of its direct rays by the reflection down- 
ward from particles of mist in the air; the same mist may also cause a white light to 
have a distinctly reddish tinge, or it may obscure a light except within short distances. 
When a light is picked up at the extreme limit at which the height of the observer 
will permit, a fixed a may appear flashing, as it is seen when the ship is on the crest 
of a wave and lost when in the hollow or trough. 

Many lights are made to show different colors in different sectors within their 
range, and by peng: res chart or books the navigator may be guided by the 
color of the sector in which he finds himself; in such lights one color is generally 
used on bearings whence the approach is clear, and another covers areas where dangers 
are to be encountered. 

The visibility of lights is usually stated for an assumed height of the observer’s 
eye of 15 feet, and must be modified accordingly for any other height. But it should 
be remembered that atmospheric and other conditions considerably affect the visi- 
bility, and it must not be apie assumed, on sighting a light, even in perfectly 
clear weather, that a vessel’s distance is gb to the range of visibility; it may be 
either ter or less, as the path of a ray of light near the horizon receives extraordi- 
nary deflection under certain circumstances; the conditions governing this deflec- 
tion are discussed in chapter X. 

Buoys.—While buoys are valuable aids, the navigator should always employ 
a certain amount of caution in being guided by them. In the nature of things it is 
never possible to be certain of finding buoys in correct position, or, indeed, of finding 
them at all. Heavy seas, strong currents, ice, or collisions with passing vessels may 
drag them from their places or cause them to disappear entirely, and they are espe- 
cially uncertain in unfrequented waters, or those of nations that do not keep a good 
lookout upon their aids to navigation. When, therefore, a buoy marks a4 place where 
a ship must be navigated with caution, it is well to have a danger angle or bearing as 
tp additional guide instead of placing too much dependence upon the buoy being in 

ace. 
Different nations adopt different systems of coloring for their buoys. The fol- 
lowing system has been adopted by the United States: 

In approaching the channel, etc., from seaward, red buoys, with even numbers, 
will be found on the starboard side. 

In approaching the channel, etc., from seaward, black buoys, with odd numbers, 
will be found on the port side. 

Buoys painted with red and black horizontal stripes will be found on obstructions, 
with channel ways on either side of them, and may be left on either hand in passing. 

Buoys painted with white and black perpendicular stripes will be found in mid- 
channel, and must be passed close-to to avoid danger. 

All other distinguishing marks to buoys will be in addition to the foregoing, and 
may be employed to mark particular spots. 

Perches, with balls, cages, etc., will, when placed on buoys, be at turning points, 
the color and number indicating on what side they shall be passed. 

Nun buoys, properly colored and numbered, are usually placed on the starboard 
side, and can buoys on the port side of channels. 

Day beacons (except such as are on the sides of channels, which will be colored 
like buoys) are constructed and distinguished with special reference to each locality 
and particularly in regard to the background upon which they are projected. 

ogs and fog signals.—As with lights, the navigator should, in a fog, acquaint 
himself with the characteristics of the various sound signals which he is likely to pick 
up, and when one is heard its periods should be timed and compared with those given 
in the light lists to insure its proper identity. 
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_ Experiment has demonstrated that sound is conveyed through the atmosphere 
In & very uncertain way; that its intensity is not always increased as its origin is 
approached; and that areas within its range at one time will seem silent at another 
and that the apparent direction and distance of the sound must not be closely relied 
upon, Add to these facts the possibility that, for some cause, the signal may not be 
working as 1t should be, and we have reason for observing the rule to proceed with 
the utmost caution when running near the land in a fog. 

The transmission of sound through water from the submarine bells and oscillators 2 
that have been installed on many light vessels, and at points of danger, is much more 
certain than the transmission of sound through air, and can be received in such a 
way by vessels equipped with submerged microphones on each side as to enable the 
direction of the submarine bell to be approximately determined. 

_ Characteristic radio signals are automatically transmitted continuously during 
thick or foggy weather from radiobeacon stations in many parts of the world; the 
pees of such a station may be read from a ship’s radiocompass. 

_ The method of plotting soundings on a tracing cloth will give a valuable indica- 
tion of position. oreover soundings will warn the navigator of the approach to 
shallow water, when, if his position is at all in doubt, it is wisest to anchor before it 
becomes too late. 

It. is worth remembering that when in the vicinity of a bold bluff shore vessels 
are sometimes warned of a too close approach by having their own fog signals echoed 
back from the cliffs; indeed, from a knowledge of the velocity of sound in air (1,100 feet 
per second), it 1s possible to gain some rough idea of the distance in such a case. 

A rough distance can be estimated with this formula— 


No. of elapsed seconds X 1,100 
2 
The velocity of sound in water is about 4,900 feet per second. 


Dist. in ft. from cliff= 


Radio beacon stations are now equipped with fog-signaling apparatus and send 
out simultaneous radio and sound signals. The distance from the sending station 1s 
found by noting the elapsed interval between the time of arrival of radio signal and 
sound signal, and multiplying this interval, expressed in seconds, by the velocity per 
second of sound in air (1,100 feet), or the velocity per second of sound in water (4,800 
feet), according as the sound signals are received through air or through water. 

By thus determining the distance from a fog-signal station to different positions 
between which the course and distance are known, the position of the vessel could 
be approximately found in a manner analogous to that which would apply in figure 31 
if the distances AO and AP were known in addition to the length and direction of OP. 

Bell buoys, whistle buoys, foghorns (either operated by compressed air or by 
hand), sirens, steam whistles, explosions (usually from a gun), all depend upon the 
transmission of sound through the air and are often unreliable. Apart from the in- 
fluence of the wind and with no apparent reason, large zones of silence often occur at 
varying directions and different distances from the origin of a sound, so entire depend- 
ence can never be placed upon these fog signals. 

The wind may throw the sound up or down, depending upon circumstances, 
so lookouts should be stationed aloft, on the bridge, and on deck. 

A fog sometimes creeps imperceptibly shoreward, unobserved at first by the light- 
keeper, while a vessel enveloped in the fog confidently approaches the land, depending 
upon a signa] which is not being sounded. 

Tides and currents.—The information relating to the tides given on the chart 
and in other publications should be studied, as it is of importance for the navi- 
peor to know not only the height of the tide above the plane of reference of the chart, 

ut also the direction and force of the tidal current. 

The plane of reference adopted for soundings varies with different charts; the 
United States charts for the Atlantic coast are given for mean low water. Charts of 
the Pacific coast of the United States, Hawaiian Islands, Philippine Islands, and 
Alaska are given for the mean of the lower low waters. Hydrographic Office charts 
from Puget Sound to Alaska are given for low water ordinary springs. British 
charts in those places where the diurnal inequality is considerable, use the level of 
Indian Spring low water which is about the lowest possible low water. 


? Submarine oscillators have been heard at distances exceeding 25 miles and submarine bells have been heard at distances 
exceeding 15 nautical miles. 
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When traversing waters in which the depth exceeds the vessel’s draft by only a 
small margin, account must be taken of the fact that strong winds or a high barom- 
eter may cause the water to fall below even a very low plane of reference. On coasts 
where there is much diurnal inequality in the tides the amount of rise and fall can 
not be depended upon, and additional caution is necessary. 

A careful distinction should be made between the vertical rise and fall of the 
tide, which is marked at the transition periods by a stationary height, or stand, and 
the tidal current, which is the horizontal transfer of water as a result of the difference 
of level, producing the flood and ebb, and the intermediate condition, or slack. It 
seldom occurs that the turn of the tidal stream is exactly coincident with the high 
and low water, and in some channels the current may outlast the vertical movement 
which produces it by as much as three hours, the effect being that when the nse 
is at a stand the tidal stream is at its maximum and when the current is slack the 
rise or fall is going on with its greatest rapidity. Care must be taken to avoid con- 
founding the two. 

The effect of this tide wave in causing currents may be illustrated by two simple 
cases: 

(1) Where there is a small tidal basin connected with the sea by a large opening. 

(2) Where there is a large tidal basin connected with the sea by a small opening. 

In the first case the velocity of the current in the opening will have its maximum 
value when the height of the tide within is changing most rapidly, i. e., at a time 
about midway between high snd low water. The water in the basin keeps at approxi- 
mately the same level as the water outside. The flood stream corresponds with the 
rising and the ebb with the falling of the tide. 

the second case the velocity of the current in the opening will have its maxi- 
mum value when it-is high water or low water without, for then there is the greatest 
head of water for producing motion. The flood stream begins about 3 hours after 
low water, and the ebb stream about 3 hours after high water, slack water thus occur- 
ing about midway between the tides. 

Along most shores which lack features like bays and tidal rivers, the current 
usually turns soon after high water and low water. 

The swiftest current in straight portions of tidal rivers is usually in the middle 
of the stream, but in curved portions the most rapid current is toward the outer 
edge of the curve, and here the water will be deepest. The pilot rule for best water 
is to follow the ebb-tide reaches. 

Countercurrents and eddies may occur near the shores of straits, especially in 
bights and near points. A knowledge of them is useful in order that they may be 
taken advantage of or avoided. 

A swift current often occurs in the narrow passage connecting two large bodies 
of water, owing to their considerable difference of level at the same instant. The 
several passages between Vineyard Sound and Buzzards Bay are cases in point. In 
the Woods Hole Passage the maximum strength of the tidal streams occurs near 
high and low water. 

Tide rips are made by a rapid current setting over an irregular bottom, as at 
the edges of banks where the change of depth is considerable. 

Generally speaking, the rise and fall and strength of current are at their mini- 
mum along straight stretches of coast upon the open ocean, while bays, bights, inlets, 
and large rivers operate to augment the tidal effects, and it is in the vicinity of these 
that the highest tides and strongest currents are found. The navigator need not 
be surprised in cruising along a coast to notice that the vessel is set more strong] 
toward or from the shore in passing an indentation, and that the evidences of tide will 
apes more marked near the mouth. Usually more complete data are furnished in 
charts and tide tables regarding the rise and fall, and it frequently occurs that the 
information regarding the tidal current 1s comparatively meager; the navigator must 
take every means to ascertain the direction and force of the tidal and other currents, 
either from the set shown between successive well-located positions of the ship, or b 
noting the ripple of the water around buoys, islets, or shoals, the direction in whic 
vessels at anchor are riding, and the various other visible effects of the current. 

Current arrows on the chart must not be regarded as indicating absolutely the 
conditions that are to be encountered, They represent the mean of the direction 
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and force observed, but the observations upon which they are based may not be 
complete, or there may be reasons that bring about a departure from the normal 
state. 

Charts.—The chart should be carefully studied, and among other things all of 
its notes should be read, as valuable information may be given in the margin which it 
is not perc to place upon the chart abreast the locality affected. 

The navigator will do well to consider the source of his chart and the authority 
upon which it is based. Confidence is always felt in a chart issued by the government 
of the more important maritime nations which maintain well-equipped offices for the 
i eagy purpose of acquiring and treating hydrographic information. Always note 

e character of the survey from which the chart has been constructed; and, finally, 
take care that the chart 1s of recent issue or bears correction of a recent date. 

Proceed with caution when the chart of the locality is based upon an old survey, 
or one whose source does not carry with it the presumption of accuracy. Although the 
original survey was a good one, a sandy bottom, in a region where the currents are 
strong or the seas heavy, is liable to undergo in time marked changes; and where the 
depth is affected by the deposit or removal of silt, as in the vicinity of the estuaries of 
large river systems, the behavior is sometimes most capricious. ve e blank spaces 
on the chart where no soundings are shown may be taken as an indication that no 
soundings were made, and are to be regarded with suspicion, especially if the region 
abounds in reefs or pinnacle rocks, in which case only the closest sort of a survey can 
be considered as revealing all the dangers. All of these facts must be duly weighed. 

When navigating by landmarks the chart of the locality which is on the largest 
scale should be used. The hydrography and topography in such charts appear in 
greater detail, and bearings and angles may be plotted with increased accuracy. 

Summation.—The navigator must know the exact draft of the ship when approach- 
ing theland. Details should be studied of the charts required to be used and the charts 
should be read in such a way that a mental picture will be formed of how the land 
and the various aids to navigation will look when sighted, remembering that the posi- 
tion of the sun at different times of day, or the position of the moon at night, affects 
the appearance of the land as presented to the navigator approaching from seaward. 
Study must be made of the day, night, and fog characteristics of all aids to navigation 
in the locality. The state of the tide and the force and direction of the current at all 
times when in pilot waters must be known. The navigator, in making a plan for enter- 
ing a strange port, should give very careful previous study to the chart, and should 
carefully select what appear to be the most suitable marks for use, also providing sub- 
. stitutes for use in case those selected as most suitable should prove unreliable by not 
being recognized with absolute certainty. Buoys seen at a distance, in approaching a 
channel, are often difficult to place or identify, because all may appear equally distant, 
though in reality far apart. Ranges should be noted, if possible, and the lines drawn, 
both for leading through the best water in channels and also for guarding against 
particular dangers. For the latter purpose, safety bearings should in all cases be laid 
down where no suitable ranges offer. The courses to be steered in entering should also 
be laid down and distances marked thereon. If intending to use the sextant and danger 
angle in passing dangers, and especially in passing between dangers, the danger circles 
should be plotted and regular courses planned, rather than to run haphazard by the 
indications of the angle alone, with the possible trouble to be apprehended from wild 
steering at critical points. : 

The vessel’s position should not be allowed to be in doubt at any time, even in 
entering ports considered safe and easy of access, and should be constantly checked 
by continuing to use for this purpose those marks concerning which there can be no 
doubt until others are unmistakably recognized. 

The ship should ordinarily steer exact courses and follow exact lines as planned 
from the chart, changing course at exact points, and, where the distances are con- 
siderable, the position on the line should be checked at frequent intervals, recording 
the time and the reading of the patent log. This is desirable, even where it may 
seem unnecessary for safety; because, if running by the eye alone and the ship’s 
exact position be suddenly required, as in a sudden squall, fixing at that particular 
moment payer be impossible. 

The habit of running exact courses with precise changes of courses will be found 
most useful when it is desired to enter port or pass through inclosed waters during 
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fog by means of the buoys; here safety demands that the buoys be made successively, 
to do which requires, if the fog be dense, very accurate courses and careful attention 
to the times, rate of speed, and the set of the current. Failure to make a buoy as 
expected leaves no safe alternative but to anchor at once. ; 

It is useful to remember that in passing between dangers where there are no 
suitable leading marks, as, for instance, between two islands or an island and 
the main shore, with dangers extending from both, a midchannel course may be 
steered by the eye alone with great accuracy, as the eye 1s able to estimate very closely 
the position midway between visible objects. 

In piloting among coral reefs or banks, a time should be chosen: when the sun 
will be astern, conning the vessel from aloft or from an elevated position forward. 
The line of demarcation between the deep water and the edges of the shoals, which 
generally show as green patches, 1s indicated with oe clearness. This method 
is of frequent application in the numerous passages of the Florida keys. 

Changes of course should in general be made by exact amounts, naming the new 
course or the amount of the change desired, rather than by ordering the helm to be 
put over and then steadying when on the desired heading, with the possibility of the 
attention being diverted and so forgetting in the meantime that the ship is still 
swinging. The helmsman, knowing just wwhint is desired and the amount of change 
to be made, is thus enabled to act more intelligently and to avoid wild steering, 
which in narrow channels is a very positive source of danger. 

Coast piloting involves the same principles and requires that the ship’s positions 
be continuously determined or checked as the landmarks are passed. On well- 
surveyed coasts there is a great advantage in keeping near the land, thus holding 
on to the marks and the soundings, and thereby knowing at all times the position, 
rather than keeping offshore and losing the marks, with the necessity of again ae 
the land from vague positions, and perhaps the added inconvenience of fog or ba 
weather, involving a serious loss of time and fuel. 

The route should be planned for normal conditions of weather with suitable 
variations where necessary in case of fog or bad weather or making points at night, 
the courses and distances, in case of regular runs over the same route, being entered 
in a notebook for ready reference, as well as laid down on the chart. The danger 
circles for either the horizontal or the vertical danger angles should be plotted, 
wherever the method can be usefully employed, and the angles marked thereon; 
many a mile may thus be saved in rounding dangerous points, with no sacrifice in 
safety. Ranges should also be marked in, where useful for positions or for safety, 
and also to use in checking the deviation of the compass by comparing, In crossing, 
the compass bearing of the range with its magnetic bearing, as eeoney the chart. 

In proceeding to sea from an anchorage, it is well for the navigator to select 
natural ranges that suggest themselves from his chart or from the natural features 
of the land that surrounds the harbor. From these ranges it can be told when the 
vessel stops, goes ahead, or how the vessel is turning. By continuous use of ranges, 
a vessel can clear the harbor without the use of bearings plotted on the chart. 

Changes of course will in general be made with mark or object abeam, the posi- 
tion (a new “departure’’) being then, as a rule, best and most easily obtained. 

Lead and sounding machine.—In making the land in a fog the sounding machine 
must be kept going at intervals of half an hour some hours before it 1s expected that 
soundings can be obtained. Several soundings taken at random will not locate a 
ship, but on the contrary may lead to disaster. In using the sounding machine be 
careful that the man handling the tube does not invert the tube when taking it from 
the tube case, as this would allow water to run toward the closed end of the tube, 
causing a discoloration of the coating and thus bring about an incorrect sounding. 
It is also essential that the lead be cleanly and freshly armed for each cast. The 
bottom having been picked up, a graphic record of the soundings may be laid down 
on tracing cloth and an approximation made of the position of the ship. Keep a 
sharp lookout for any landmarks that might show up during a momentary lifting 
of the fog and have keen ears listening for an aerial or submarine fog signal. Having 
ee up any such signal, make sure to ascertain exactly what landmark it 1s. 

rom now on proceed with caution and determine whether it is better to anchor or 
to proceed through the harbor channel in the fog. If, having approached the land 
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and failed to hear fog signals at the time they were expected to be heard, and the 
soundings indicate a dangerous proximity to shore, the only safe course is either to 
anchor or to stand off. When running slowly in a fog (which caution, as well as 
the law, requires that one should do) it must be borne in mind that the relative effect 
of current 1s increased; for instance, the angle of deflection from the course caused 
by a cross set is greater at low than at high speed. It 1s worth remembering that 
when in the vicinity of a bold bluff shore vessels are sometimes warned of a too-close 
approach by having their own fog signals echoed back from the cliffs; indeed, from 
a knowledge of the velocity of sound it 1s possible to gain some rough idea of the 
distance in such a case. Great caution must be used in approaching a bold coast 
in a fog and, unless soundings can be got that will paki assure the navigator 
of his distance from the coast, the only safe course is to stand off, if the depth of 
the water does not permit of anchoring. 

The best aids at the disposal of the navigator when running in a fog are the 
sounding machine and the hand lead, and the navigator will do well to make great 
use of them. Even in clear weather the sounding machine may be a great aid to the 
navigator in verifying his position. 

la approaching the land and entering harbors, the navigator must bear in mind 
that rules of the road in inland waters sometimes differ from those used on the high 
sea, and should inform himself of the boundaries of the waters where different rules 
of the road obtain. 

Records.—It will be found a profitable practice to pay careful attention to the 
recording of the various matters relating to the piloting of the ship. A notebook 
should be kept at hand on deck or on the bridge, in which are to be entered all bear- 
ings or angles taken to fix the position, all changes of course, important soundings, 
and any other facts bearing upon the navigation. (This book should be different 
from the one in which astronomical sights and offshore navigation are worked.) 
The entries, though in memorandum form, should be complete; it should be clear 
whether bearings and courses are true, magnetic, or by compass; and it is especially 
important that the time and patent log readings should be given for each item re- 
corded. The value of this book will make itself apparent in various directions; it 
will afford accurate data for the writing of the ship’s log; it will furnish interesting 
information for the next run over the same ground; it ail rovide a means by which, 
if the ship be shut in by fog, rain, or darkness, or if there he difficulty in recognizing 
landmarks ahead, the last accurate fix can be plotted and brought forward; and, 
finally, if there should be a mishap, the notebook would furnish evidence as to where 
the trouble had been. 

The chart on which the work is done should also be made an intelligible record, 
and to this end the ee marks and lines should not be needlessly numerous, 
heavy, or long. In plotting bearings, draw lines only long enough to cover the 
probable position. ark intersections or positions by drawing a small circle around 
them, and writing neatly abreast them the time and patent-log reading. Indicate 
the courses and danger bearings by full lines and mark them appropriately, preferably 
giving both magnetic (or true) and compass directions. A great number of lines 
extending in every direction may lead to confusion; however remote the chance 
may seem, the responsibilities of piloting are too serious to run even a small risk. 

Finally, on anchoring, record and plot the position by bearings or angles taken 
after coming to; observe that the berth is a safe one, or, 1f in doubt, send a boat to 
sound in the vicinity of the ship to make sure. 


CHAPTER V 
THE SAILINGS 


In considering a vessel’s position at sea with reference to any other place, either 
one that has been left or one toward which the vessel is bound, five terms are in- 
volved—the course, the distance, the difference of latitude, the difference of longi- 
tude, and the departure. The solutions of the various problems that arise from 
the mutual relation of these quantities are called sailings. 

Kinds of sailings. When the only quantities involved are the course, distance, 
difference of latitude, and departure, the process is denominated plane sailing. In 
this method the earth is regarded as a pene, and the operation proceeds as if the 
vessel sailed always on a perfectly level surface. When two or more courses are 

thus considered, they are combined by the method of traverse 


n TY sailing. It is evident that the number of miles of latitude: 


and departure can thus be readily deduced; but, while one mile 
always equals one minute in difference of latitude, one mile of 
departure corresponds to a difference of longitude that will vary 
with the latitude in which the vessel is sailing. Plane sailing 
therefore furnishes no solution where difference of longitude is 
considered, and for such solution resort must be had to one of 
several methods, which, by reason of their taking account of 
the spherical figure of the earth, are called spherical sailings. 

When a vessel sails on an east or west course along a parallel 
of latitude, the method of converting departure into difference 
of longitude is called parallel sailing. When the course is not 
T east or west, and thus carries the vessel through various lati- 
tudes, the conversion may be made either by middle latitude 
sailing, in which it is assumed that the whole run has been made 
in the mean latitude, or by Mercator sailing, in which the principle involved in the 
construction of the Mercator chart is utilized. 

Great circle sailing deals with the courses and distances between any two points 
when the track followed is a great circle of the terrestrial sphere. A modification of 
this method which is adopted under certain circumstances is called composite sailing. 


Fiaurx 40. 


PLANE SAILING 


In plane sailing, the curvature of the earth being neglected, the relation between 
the elements of the rhumb track joining any two points may be considered from the 
plane right triangle formed by the meridian of the place left, the parallel of the place 
arrived at, and the rhumb line. In figure 40, T 1s the pomt of departure; T’, the 
point of destination; Tn, the meridian of departure; T’n, the parallel of destination; 
and TT’, the rhumb line between the points. Let T’Tn represent. the course (C); 
TT’ the distance (Dist.); Tn the difference of latitude (L) and T’n the departure 
(Dep). Then from the triangle TT’n, we have the following: 


ws) 


. ~  Dep.., DL, _ Dep. 
gin C=Hi5t° cos C=H.4) tan C=5 i 
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From these equations are derived the following formulas for working the various 
problems that may arise in plane sailing: 


Given Required Formulas 
ifference of latitude__........ DL «Dist.cosC. Log DL log Dist.+log cos C. 
Course and distance.......-------- Departure... ...........-..---- Dep. =Dist. sin C. Log Dep. =log Dist.+log sin C. 
Dep. = 
Difference of latitude and depar- eta woe en een n ee nneeeeeeeee-- Tan Ce57 Log tan C=log Dep. —log D L. 
ture. Dep. 
Distance J.26ciceccuccccescesed Dist. aw 0 | Log Dist.=log Dep. —log sin C. 
Dista Dist. wo Log Dist. slog D L —log cos O 
Course and difference of latitude. -. ia giao no Ree "cos C . sais daca 
Departure..................--- Dep. =D Ltan O. Log Dep. =log D L +log tan O, 
De 
Distance.........--.---------- Dist, ——2:. Dist. =log Dep. —log sin C, 
Course and departure._........---- a C i i 
Difference of latitude........-- DL at Log D L =log Dep. —log tan O. 
c Cacia: Log cos Culog DL —Jog Dist 
Distance and difference of latitude. OUISE  Soenrass=eeeascesseree Dist. 0g og Dist. 
Departure..........-...--.---- Dep. =Dist. sin CO. Log Dep. =log Dist. +log sin C. 
Dep 
Distance and departure...._..--..- ee were m emer ene ecco s enc eee- Sin O Dist. Log sin C=log Dep. —log Dist. 
Difference of latitude.........- DL #«Dist.cosC. LogDL e@log Dist. +log cos C. 


The solution of the plane right triangle may be accomplished either by plane 
trigonometry, by traverse table (Table 3), or by construction. If the former method 
is adopted, the logarithms of numbers may be found in Table 32, and of the functions 
of angles in Table 33. A more expeditious method is available, however, in the 
traverse table, which gives by inspection the various solutions. Table 3 contains 
values for each unit of dlintatice from 1 to 600, and for each degree of the course. The 
method of solving by construction consists in laying down the various given terms by 
scale upon a chart or plain paper, and measuring thereon the required terms. 

Of the various problems that may arise, the first two given in the foregoing table 
are of much the most frequent occurrence. In the first, the given quantities are 
course and distance, and those to be found are difference of latitude and departure; 
this is the case where a navigator, knowing the distance run on a& given course, desires 
to ascertain the amount made good to north or south and to east or west. In the 
second case the conditions are reversed; this arises where the course and distance 
between two points are to be obtained from their known difference of latitude and 
departure. 

Ezample.—A vessel steams N. 5° E., 188 miles. 
departure. 

By computation 


Required the difference of latitude and the 


By inspection 


Dist. 188 log 2. 27416 In Table 3, find the course 5°; it occurs at the top of the 

C 5° log cos 9. 99834 page, therefore take the names of the columns from the 
——_—— wD: opposite 188 in the Dist. column will be seen Lat. 

DL 187.3 log 2. 27250 87.3 and Dep. 16.4. 

Dist. 188 log 2. 27416 > 

C 5° log sin 8. 94030 

Dep. 16.4 log 1. 21446 


Example.—A steamer is bound to a port which is 136 miles to the north and 203 miles to the west 
of the vessel’s position. Required the course and distance. 


By computation By inspection 


Dep. 203 log 2. 30750 Enter Table 3 and turn the pages until a 
DL 136 log 2. 13354 course is found whereon the numbers 136 and 

—_——— 203 are found abreast each other in the col- 
C N. 56°11’ W. (304°) log tan 0. 17396 umns marked respectively Lat. and Dep. 


This occurs most nearly at the course 56°, the 


Dep. 203 log 2. 30750 angle being taken from the bottom, because 
C 56°11’ log sin 9. 91951 the appropriate names of the columns are 

—_———. found there. The course is therefore (304°). 
Dist. 244.3 log 2. 38799 Interpolating for intermediate values, the 


corresponding number in the Dist. column is 
about 244.3. 
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Example.—aAs a result of a day’s run a vessel changes latitude 244 miles to the south and makes a 
departure of 171 miles to the east. What is the course and distance made good? 


By computation By inspection 
Dep. 171 log 2. 23300 Enter Table 3 and the nearest agreement 
DL 244 log 2. 38739 will be found on course §. 35° E. (145°), the 


appropriate names being found at the top of 
C S. 35°02’ E. (145°) log tan 9. 84561 the page. The nearest corresponding Dist. 


ee is 298 miles. 
Dep. 171 log 2. 23300 
C 35°02’ log sin 9. 75895 
Dist. . 297.9 log 2. 47405 


TRAVERSE SAILING 


A traverse is an irregular track made by a vessel in steaming on several different 
courses, and the method of traverse sailing consists in finding the difference of 
Jatitude and departure corresponding to several courses and distances and reducing 
all to a single equivalent course and distance. This is done by determining the 
distance to north or south and to east or west made good on each course, taking the 
algebraic sum of these various differences of latitude and departure and finding the 
course and distance corresponding thereto. The work can be most expeditiously 
ee by adopting a tabular form for the computation and using the traverse 
tables. 

Example.—A ship sails 158°, 15 miles; 135°, 34 miles; 259°, 16 miles; 293°, 39 miles; 169°, 40 
miles. Required the course and distance made good. 


The result of the various courses is, therefore, to carry the vessel 192°, 66.7 miles 
from the original position. 
PARALLEL SAILING 


Thus far the earth has been regarded as an extended plane, and its spherical 
figure has not been taken into account; it has thus been impossible to consider one of 
the important terms involved—namely difference of longitude. 
F Parallel sailing is the simplest of the various forms of spherical 
sailing, being the method of interconverting departure and 
difference of longitude when the ship sails upon an east or west 
O T’ course, and therefore remains always on the same parallel of 

latitude. 
In figure 41, T and T’ are two places in the same latitude; 
P, the adjacent pole; TT’, the arc of the parallel of latitude 
Cc M through the two places; MM’, the corresponding arc of the 
equator intercepted between their meridians PM and PM’; and 
M TT’, the departure on the parallel whose latitude is TCM=OTC, 

acai and whose radius is OT. 

Let D.Lo represent the arc of the equator MM’ which is the measure of MPM’, 
the difference of longitude of the meridians PM and PM’; R, the equatorial radius of 
the oe CM=CT;;r, the radius OT of the parallel TT’; and L, the latitude of that 
parallel. 


THE SAILINGS 101 


vs 


Then, since TT’ and MM’ are similar arcs of two circles, and are therefore pro- 
portional to the radii of the circles, we have: 


TT’ OT, Dep. r 
MM’ CM’°" D.Lo” RB. 


From the triangle COT, r=R cos L; hence. 


nee. = — ere D.Lo=Dep. sec L; or, Dep.=D.Lo cos L. 


Thus the relations are expressed between minutes of longitude and miles of 
departure. 

Two cases arise under parallel sailing: first, where the difference of longitude 
between two places on the same parallel is given, to find the departure; and, second, 
where the departure is given, to find the difference of longitude. 

In working these problems, the computation can be made by logarithms; but 
: oe table may be conveniently employed. This table is based upon the 

ormulas, ? 
DL= Dist. cos C, and Dist. =DL sec C. 


Substitute for the column marked Lat. the departure, for that marked Dist. 
the difference of longitude, and for the course at top and bottom of the page the 
latitude. The table then becomes available for making the required conversions. 


Ezample.—A ship in the latitude of 49°30’ sails directly east until making good a difference of 
longitude of 3°30’. Required the departure. 


By computation By inspection 
L 49°30’ log cos 9. 81254 Enter Table 3 with the latitude as C and the differ- 
D.Lo. 210’ log 2. 32222 ence of longitude as Dist. As the table is computed 
only to single degrees, we must find the numbers in the 
Dep. 136.4 log 2. 13476 pages of 49° and 50° and take the mean. Correspond- 


ing to Dist. 210 in the former is Lat. 137.8, and in the 
latter Lat. 135.0. The mean, which is the required 
departure, is 136.4. 


Exzample.—A ship in the latitude of 38° sails due west a distance of 215.5 miles. Required the 
difference of longitude. : 


By computation By inspection 
L 38° log sec 0. 10347 Enter Table 3 with the latitude, 38°, as a course 
Dep. 215.5 log 2. 33345 Corresponding with the number 215.5 in column of 
Lat., is 273.5 in the column of Dist. This is the 
273'.5 log 2. 43692 required difference of longitude, being equal to 4°33’.5. 


MIDDLE LATITUDE SAILING 


When a ship follows a course obliquely across the meridians of longitude, the 
latitude, as well as the longitude, changes continually. With reference to two places 
situated on the same side of the equator, considering the earth to be of spherical 
form, the middle latitude 1s defined as the latitude of the parallel passing midway 
between them; its value is therefore half the sum of the latitudes of the two places. 
When the places are situated on opposite sides of the equator, the track connecting 
them is regarded as being divided into two separate arabe the point where it crosses 
the equator, and the simple ‘‘middle latitude’”’ is replaced by the “‘half latitude’ of 
each of the places. ; 

Middle latitude sailing is that form of spherical sailing which is founded on the 
assumption that the length in miles of the arc of the parallel of middle latitude of two 

laces intercepted between their meridians of longitude is nearly equal to the departure. 
his relation would be exact if the rate of convergence of the meridians of longitude 
were uniform, like the rate of approach of the equal sides of an isosceles plane triangle. 
It has been shown, however, that the departure varies as the cosine of the latitude. 
Consequently, the distance apart, on successive parallels of latitude, of two given 
meridians of longitude varies Fike the values given in a table of natural cosines, such 
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as Table 31, and not by uniform increments for uniform ch s of the angle of latitude; 
and hence, to be exact in getting the difference of longitude made good in steaming 
along a given track, it would be necessary to multiply the departure between the ter- 
minal points of the track by the natural secant, or reciprocal of the natura] cosine of the 
latitude of some parallel whose angular distance from the equatoris such that its natural 
secant is the mean or average of the natural secants of all the values of the latitude 
passed through in proceeding between the limiting parallels of the track. 

In middle latitude sailing, having found the mean of the latitudes, the 
solution is identical with that of parallel sailing, substituting the middle latitude for 
the single latitude therein employed. 

Ezxample.—-A vessel in Lat. 42° 30’ N., Long. 58° 51’ W., steams 146°, 300 miles. Required the 


latitude and longitude arrived at. 
From Table 3: Course 146°, Dist., 300, is found Lat., 248.7 S. (4° 08’.7), Dep., 167.8 E. 


Latitude left, 42° 30’.0 N. Latitude left, 42° 30’ N. 

DL, 4 08.7 8. Latitude arrived at, 38 21 N. 

Latitude arrived at, 38 21 .3 N. 2)80 51 
Mid. latitude, 40 25 N. 


- Enter Table 3 with the middie latitude, 40°, as a course; the difference of longitude (Dist.) cor- 
responding to the departure (Lat.) 167.8 is 219.0; entering with 41°, it is 222.4; the mean is 220.7 


(3° 40’.7). 
Longitude left, 58° 51’.0 W. 
D.Lo, 3 40.7 E. 
Longitude arrived at, 55 10.3 W. 


Example.—A ship in Lat. 39° 42’ S., Long. 3° 31’ E., sails S. 42° W (222°), 236 miles. Required 
the latitude and longitude arrived at. 
From Table 3: Course, S. 42° W., Dist., 236 miles; is found Lat., 175.4 8. (2° 55’.4), Dep., 157.9 W. - 


Latitude left, 39° 42’.0 8. Latitude left, 39° 42’ §. 
DL, 2 55.458. Latitude arrived at, 42 37 S. 
Latitude arrived at, 42 37.4 S. 2)82 19 
Mid. latitude, 41 09 S. 
From Table 3: Mid. Lat. (course), 41°, Dep. (Lat.), 157.9; is found D.Lo (Tist.), 209.3 (8° 29’.3). 
Longitude left, 3° 31'.0 E. 
D.Lo, 3 29.3 W. 


Longitude arrived at, 0 O1 .7 E. 


Example.—A vessel leaves Lat. 49° 57’ N., Long. 15° 16’ W., and arrives at Lat. 47° 18’ N. 
Long. 20° 10’ W. Required the course and distance made good. 


Latitude left 49° 57’ N. Longitude left, 15° 16’ W. 
Latitude arrived at, 47 18 N. Longitude arrived at,20 10 W. 
DL 2° 3948 D.Lo 4° ot lw 
: 159’ ("°° mee 294’/ ""° 
2)97° 15’ N. 
Mid. latitude, 48 38 N. 


From Table 3: Mid. Lat. (course), 49°, D.Lo (Dist.), 294; is found Dep. (Lat.), 192.9. 
From Table 3: DL 159 S., Dep. 192.9 W., is found course S. 51° W., Dist., 251 miles. 

Middle latitude should not be used when the latitudes are of opposite name; if 
of different names and the distance is small, the departure may be assumed equal to 
the difference of longitude, since the meridians are sensibly parallel near the equator; 
but if the distance 1s great the two portions of the Aa 8 on opposite sides of the 
equator must be treated separately. 

The assumption upon which middle latitude sailing is based—that the conversion 
may be made as if the whole distance were sailed upon a parallel midway between the 
latitudes of departure and destination—while sufficiently accurate for moderate 
distances, may be materially in error where the distances are large. The amount by 
which the difference of longitude is affected by taking the middle latitude, L,, in place 
of the latitude of conversion L, (that is, insome selected latitude where the true differ- 
ence of longitude equals the departure times the sec L,), is considered to be immaterial 
for distances ranging up to 200 nautical miles, but for distances of 600 nautical miles 
the default from accuracy would be of the order of 1 percent when the middle latitude 
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is as great as 60°. In such case, either the method of Mercator sailing must be 
employed, or else the correction given in the following table should be applied to the 
mean latitude to obtain what may be termed the latitude of conversion, being that 
latitude in which the ri Nhs conditions are accurately fulfilled. The table is 
computed from the formulas: 


Corr.=L,,—Cos L, 


where L, represents the latitude of conversion, L,, the mean or middle latitude, and 
m the meridional parts between the latitudes of departure and destination. 


Difference of latitude 


7 |; 8° | 9° 16° 


ees | eee | ee foe | eee | ees fl es | ee | ee | ee | ee | ee | eee | ee 


aA —38 | —36 | —33 —8 
30 —24 | —23 | —20 1 
35 —17 | -15 | —12 10 


Eee ee en ee eee ee | ef eee | | — = |... | = | — 


40 -10; -—8] —6 16 
45 -5} -—3/ -1 22 
50 —1 1 3 2 
55 2 5 7 35 
58 4 7 10 39 
60 ) 8 11 43 
62 7 9 13 46 
64 8 11 14 50 
66 9 12 16 55 
68 10 14 18 61 
70 12 16 20 67 
72 13 18 2 76 


Ezample.—A vessel sails from Lat. 10° 13’ S. to Lat. 20° 21’ S., making a departure of 432 miles. 
Required the difference of longitude. 


Latitude left, 10° 13’ 8. 
Latitude arrived at, 20 21 S. 
2)30 34 For Mid. Lat. 15° and Diff. of Lat. 10°. Correction, —65’ 
Mid. latitude, (L,) 15 17 8S. 
rrection, — 1 05 
L., 14 12 8. 
L 14° 12’ log sec . 01348 


Dep. 432 log 2. 63548 
D.Lo 4456 log 2.64896 


MERCATOR SAILING 


Mercator sailing is the method by which values of the various elements are 
determined from considering them in the relation in which they are plotted upon a 
chart constructed according to the Mercator projection. 

Upon the Mercator chart, the meridians being parallel, the arc of a parallel of 
latitude is shown as equal to the corresponding arc of the equator; the length of every 
such arc is, therefore, expanded; and, mn order that the rhumb line may appear as a 
straight line, the meridians are also expanded by such amount as is necessary to 
preserve, in any latitude, the proper proportion existing between a unit of latitude and 
a unit of longitude. The length of small portions of the meridian thus increased are 
called meridional parts, and these, computed for every minute of latitude from 0° to 
80°, form the table of meridional parts (Table 5), by means of which a Mercator 
chart may be constructed and all problems of Mercator sailing may be solved. 

In the triangle ABC (fig. 42), the angle ACB is the course, C; the side AC, the 
distance, Dist.; the side BC, the difference of latitude, DL; and the side AB, the 
departure, Dep. Then corresponding to the difference of latitude BC in the latitude 
under consideration, if CE be laid off to represent the meridional difference of latitude, 


\ 
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m, completing the right triangle CEF, EF will represent the difference of longitude, 
D. The triangle ABC gives the relations involved in plane sailing as previously 
described; the triangle OnE affords the means for the conversion of departure and 
difference of longitude by mercator sailing. 

To find the arc of the expanded meridian intercepted between any two parallels, 

or the meridional difference of latitude, when both places are on 

E F the same side of the equator, subtract the meridional parts of the 

lesser latitude, as given by Table 5, from the meridional parts of 

the greater; the remainder will be the meridional difference of 

latitude; but if the places are on different sides of the equator, 

the sum of the meridional parts will be the meridional difference 
of latitude. 

To solve the triangle CEF by the traverse tables it is only 
necessary to substitute meridional difference for Lat., and differ- 
ence of Yen eiade for Dep. Where long distances are involved, 
carrying the computation beyond the limits of the traverse 
table, as frequently occurs in this method, either of two means 
may be adopted: the problems may be worked by trigonometri- 

Cc cal formulas, using logarithms, or the given quantities involved 

FIGURE 42. may all be reduce by a common divisor until they fall within the 

traverse table, and the results, when obtained, correspondingly 

increased. The former method is generally pref erable,e specially when the distances are 

quite rat e and accurate results are sought. The (oe as for the various conversions 
are as follows: | 


Dis, 


tan C= ;D.Lo=m tan C; m=D.Lo cot C. 


x, When not to use mercator sailing.—The above formulas should not be used when 
the course approaches 90° or 270° because the tangents of angles near 90° vary rapidly 
in value, and any error in the value of the course produces a large error in the com- 
uted value of the Diff. Long. It is better to use Middle Lat. Sailing in such cases. 
The following are examples under Mercator sailing: 


Ezample.—A ship in Lat. 42° 30’ N., Long. 58° 51’ W., sails 146°, 300 miles. Required the 
latitude and longitude arrived at. 
From Table 3: Course 146°, Dist., 300; is found Lat. 248’.7 (4° 08’.7 S.) 


Latitude left, 42° 40’.0 N. Merid. parts, +2806. 4 
DL, 4 08.7 S. 
Latitude arrived at, 38 21.3 N. Merid. parts, — 2480. 8 
m, 325. 6 
By computation 
m 325.6 log 2. 51268 
C 34° log tan 9. 82899 
ie 5 
Longitude an 58° 51’.0 W. 
D.Lo, 3 39.6 E. 


Longitude arrived at, 55 11.4 W. 


Example.—A vessel in Lat. 4° 37’ S., Long. 21° 05’ W., steams 346°, 450.4 miles. Required the 
latitude aad longitude arrived at. 
From Table 3: Course (N.) 14° as a 450.4; is found Lat. 437 N. (7° 17’). 


Latitude left, 'S. Merid. parts, +275.4 
DL, 7 1 N. 
Latitude arrived at, 2 40.0 N. Merid. parts, +159.0 
m, 434. 4 
By computation By inspection 
m 434. 4 log 2. 63789 From Table 3: Course, 14°, f ae ), 434.4, is found 
Cc 14° log tan 9. 39677 D.Lo (Dep.) 108’.3 W., or 1° 
108’.3 log 2. 03166 
oe Lo{ j< 48.3 
Longitude left, 21° 05’.0 W. 
D.Lo, . 1 48.3 W. ° 


Longitude arrived at, 22 53.3 W 
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Ezample.—Required the course and distance by rhumb line from a point in_Lat. 42° 03’ N., 
Long. 70° 04’ W., to another in Lat. 36° 59’ N., Long. 25° 10’ W. 


Lat. departure, 42° 03’ N. Merid. pts., +2770.1 Long. departure, 70° 04’ W. 
Lat. destination, 36 59 N. Merid. pts., —2377. 3 Long. destination, 25 10 W. 


DL 5° 04’ 8.=304' m, 392. 8 DLo {#4 47}. 
D.Lo 2694 _~—siog 3. 43040 
m 392.8 log 2. 59417 
C 8.81°42’ E.(98°.3) log tan . 83623~—s log sec. . 84056 
DL 304’ log 2. 48287 
Dist. 2106 | log 3. 32343 


The course is S. 81°42’ E. (98°) and the distance is 2,106 miles. Since the 
figures involved are large, it is best to employ only the method by computation. 
The formula by which the Dist. is obtained comes from plane sailing. 


GREAT CIRCLE SAILING 


The shortest distance between any two points on the earth’s surface is measured 
by the arc of the great circle which passes through those points; and the method of 
sailing in which the arc of a great circle is employed for the track of the vessel, taking 
acranueee of the fact that it is the shortest route possible, is denominated great circle 
sailing. 

It frequently happens when a great circle route is laid down that it is found to lead 
across the land, or to carry the vessel into a region of dangerous navigation or extreme 
cold which it is expedient to avoid; in such a case a certain parallel should be fixed 
upon as 4 limit of latitude, and a route laid down such that a great circle is followed as 
far as the limiting parallel, then the parallel itself, and finally another great circle to 
the port of destination. Such a modification of the great circle method is called 
composite sailing. | 

The rhumb line which cuts all the meridians at the same angle, has been employed 
as a track by navigators on account of the ease with which it may be laid down on a 
Mercator chart. But as it is a longer line than the great circle between the same 

ints, navigators use the latter wherever practicable. On the Mercator chart, 
owever, the arc of a great circle joining two points (unless both are on the equator or 
both on the same meridian) will not be projected as a straight line, but as a curve. 

It. should be clearly understood that it is the rhumb line which is in fact the 
indirect route, and that in following the great circle the vessel 1s always heading 
for the port, exactly as if it were in sight, while on the course which is shown as a 
straight line on the Mercator chart the vessel never heads for the port until at the 
very end of the voyage. 

On the equator and on any meridian, the great circle and the rhumb cvincide; 
therefore near the equator, parallel sailing is about as short as great circle sailing. 
The Mercator course or rhumb line that traverses close to the direction of north and 
south is nearly as short as the great circle. 

As the great circle makes a different angle with each meridian that is crossed, it 
becomes necessary to make frequent changes of the vessel’s course; in practice, the 
course is a series of chords or rhumb lines joing the various points on the great circle 
track. For small distances the G. C. and rhumb are about the same. 

If, while endeavoring to follow a great circle, the ship is driven from it, as by 
unfavorable weather, it will not serve the purpose to return to the old track at con- 
venience, but it is required that another great circle be laid down, joining the actual 
position in which the ship finds herself with the port of destination. 

Methods.— The methods of determining the great circle course may be divided 
generally into three classes; namely, by great circle sailing charts, by computation, 
and by the methods of the time azimuth. 

Creat circle charts.—Of the available methods, that by means of charts especially 
constructed for the purpose is considered greatly superior to all others. 

A series of great circle charts covering the navigable waters of the globe are 
published by the United States Hydrographic Office. Being on the gnomonic pro- 
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jection, all great circles are represented as straight lines, and it is only necessary to 

oin any two points by such a line to represent the great circle track between them. 
The course and distance are readily obtainable by a method explained on the charts. 
The track may be transferred to a chart on the Mercator projection by plotting a 
number of its points by their coordinates and joining them with a ree | line. 

The navigator who contemplates the use of great circle tracks will find it of the 
greatest convenience to be provided with these gnomonic charts for the regions which 
the vessel is to traverse. 

Computation.—This method consists in determining a series of points on the 

great circle by their coordinates of latitude 

and longitude, poe them upon a Mer- 

cator chart, and tracing the curve that joins 
them. The first point determined is the 

vertex, or point of highest latitude, even when, 
as sometimes occurs, it falls without that por- 

Vv tion of the great circle which joins the points 

A of de eke and grec ‘ : 
n figure 43, A represents the point o 

cane departure; B, the int of feces ation: 
AVB, the great circle joining them, with its vertex at V; and P, the pole of the earth. 


Let C,=PAB, the initial course; 
C,=PBA, the final course; 
Ly, Ly, Lg=the latitudes of the respective points A, V, B=(90°—PA), 
(90°— PV), (90°— PB). 
Lo,zs, Loay, Logy=the differences of longitude between A and B, A and V, B and V, 
respectively, =APB, APV, BPV. 
D=the great circle distance between A and B; and 
rt g=an auxiliary angle introduced for the computation. 
en: 
tan g=cos Logg cot Ls; 
cot Ca=cot Logg cos (La+¢) cosec 9; 
cot D=cos C, tan (la+¢); 
cos Ly=sin C, cos Ly; 
cot Loay= tan Cy, sin La. 


By these formulas are determined the initial course and the total distance by 
great circle; also the latitude of the vertex and its longitude with respect to A. By 
mterchanging the subscript letters , and y throughout, we should obtain the final 
course, and he longitude of the vertex with respect to B; also the same total distance 
and latitude of the vertex as before. When the point of destination is on the equator, 
this formula is indeterminate. Resort must then be had to the haversine formula. 

In performing this computation, strict regard must be had to the signs of the 
quantities. If the points of departure and destination are in contrary latitudes, the 
latitude of one of these points must be regarded as negative with respect to the other, 
and they must be marked with opposite signs. Should Loay or Lopy assume a negative 
value, it indicates that the vertex does not lie between A and B, and is to be laid off 
accordingly. 

To find other points of the great circle, M, N, etc., let their latitudes be repre- 
sented by Ly, Ly, etc., and their longitudes from the vertex by Loyu, Lown, etc.; 


then 
tan Ly=tan Ly cos Loy, or, cos Loyy=tan Ly cot Ly; 
tan Ly=tan Ly cos Lowy, or, cos Loyy=tan Ly cot Ly; 


and soon. By these formulas intervals of longitude from the vertex of 5°, 10°, or 
any amount, may be assumed, and the corresponding latitudes deduced; or any 
latitude may be assumed and its corresponding interval of longitude from the 
vertex found. Two positions will result from each solution, and the appropriate 
ones may be chosen by keeping in mind the signs involved. 
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Ezxample.—Given two places, one in Lat. 40° N., Long. 70° W., the other in Lat. 30° S., Long. 
10° W., find the great circle distance between them; also the initial course, and the longitude of 


equator crossing. 
La=+40°; Ls=—30°; Loas=60° 


Loas 60° —s cos 9.69897_cct 9.76144 

Ls — 30° cot (—) .23856 

La AO ee eee A pert ae ees cos 9.88425 sin 9.80807 
9 — 40° 54’ tan (—)9.93753_cosec(—) .18393 | 

(Late)— 0° 54’ 2 Leelee COs 9.99995 tan (—) 8.19616 

Ca 131° 24’ or S. 48° 36’ E_cot (—)9.94532 cos (—) 9.82041 sin 9.87513 tan (—) .05472 
D 89° 24’ or 5,364 miles_......_.-_._-.-- cot 8.01657 

Ly Pies OS OO? cise ae Ae eke i eto nt ORE ada ae cos 9.75938 

yy: OB a a Se ee ee ote cot (—) 9.86279 


The initial course is S. 48°36’ E. (131°) and the distance 5,364 nautical miles. 
(It may be found that the course by rhumb line is S. 38°45’ E. (141°), and the distance 
5,386 miles.) The vertex of the great circle is in Lat. 54°56’ N., and is 53°54’ in 
longitude from the point A, in a direction away from B; hence it is in Long. 123°54’ 
W. To find the longitude of equator crossing let L,,=0°; then in the equation, 


cos Loyy=tan Ly cot Ly, 


since tan Ly equals zero, cos Loy, also equals zero, or the longitude interval from 
the vertex is 90°, which is evident from the properties of the great circle: therefore 
the longitude of equator crossing is 123°54’ W.—90°=33°54’ W. 

Alternative formulas for finding the distance and course.—Tho following formula 
obtained from the expression, hav z=hav (L~d)-+ cos L cos d hav #, (page 182) by 
putting z=D, L=1,, d=Lg, and é=Lajg, 1s generally preferred for computing the 
great-circle distance, being a general expression for finding the third side of a spherical 
triangle in which two sides and the included angle are given: With this formula no 
account need be taken of algebraic signs. 


hav D=hav (La~Ls)-+ cos Ly, cos Lg hav Logs. 


The distance D=AB apa been found, the three sides of the spherical triangle 
APB become known, as well as the angle at P, hence the initial and final courses 
may be found from the proportionality between the sines of the angles of the triangle 
and the sines of the opposite sides, 


sin PXsin PB sin Loas cos Lp 


sin >=. in aD Lo,as cos Lz cosec D. 
sin Cy Sn F Xam PA _8in Toa 608 Da sin Loxas cos Ly cosec D. 


The solution of the foregoing example for the required distance, initial and final 
courses, would be as follows: 
Loas= 60° log hav 9.39794 log sin 9.93753 log sin 9.93753 


La=40° N. logcos 9.88425 log cos 9.88425 
Ls=30° 8. logcos 9.93753 log cos 9.93753 


6 log hav 9.21972 


@ nat hav 0.16585 
La~Ls=70° nat hav 0.32899 


Distance, D=89° 2414’ nat hav 0.49484 log cosec 0.00002 log cosec 0.00002 


= 5364 nautical miles. 
log sin C, 9.87508 log sin Cz 9.82180 
Course, Ca 131° 24%’ Cg 318° 26’ 


Time azimuth methods.—A convenient method of obtaining the initial and 
final courses in great circle sailing is afforded by the azimuth tables and graphic 
methods which are prepared for the solution of the time azimuth problem. It will be 
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found by comparison that if the latitude of the point of departure be substituted for 
the latitude of the observer in that problem, the latitude oF destination for the decli- 
nation of the celestial body, and the longitude interval for the hour angle, the solution 
for the initial course will coincide with that for the azimuth; by interchanging the 
latitudes of the points of departure and destination the final course will be similarly 
obtained. Advantage may be taken of the various methods provided for facilitating 
the determination of the azimuth to ascertain the great circle courses from one point 
to another. 
COMPOSITE SAILING 


When, for any reason, it is impracticable or unadvisable to follow the great 
circle track to its highest latitude, a limiting parallel is chosen and the route modified 
accordingly. This method is called composite sailing. 

The shortest track between points where a fixed latitude is not exceeded is 
made up as follows: 

1. A great circle through the point of departure tangent to the limiting parallel. 

2. A course along the parallel. 

3. A great circle through the point of destination tangent to the limiting parallel. 

The composite track may be determined by great circle chart or by computation, 
or by graphic approximation. 

On a great circle chart, draw lines from the points of departure and destination, 
respectively, tangent to the limiting parallel; transfer these great circles to a Mercator 
chart in the usual manner, by the coordinates of several points, including in each 
_case the point of tangency to the parallel. Follow the first great circle to the parallel; 

then follow the parallel: then the second great circle. Determine great circle courses 
and distances from the gnomonic chart as thereon described; determine the distance 
along the parallel by parallel sailing. 

Computation. The problem consists in finding the great circles which pass, 
respectively, through the points of departure and destination and have their vertices 
in the latitude of the limiting parallel. Resuming the designation of terms already 
employed we have: 


cos Loy,=tan L, cot Ly; 
cos Loyg=tan Lg cot Ly; 


where Loy, and Loyz represent the distances in longitude from A and from B to the 
respective points of tangency; other features of each of the great circles may be 
determined in the usual manner. 


EXAMPLE: A vessel in Lat. 30° S., Long., 18° W., steams to a point in Lat. 39° S., Long. 145° 
E., and it is decided not to go south of the parallel of 55° S. Find the longitude of reaching that 
parallel and the longitude at which it should be left. 


La =380°S.; Lg =39° S.; Ly=55° S. 
Lo,a=18° W.; Lop=145° E. 


La 30° tan 9.76144 Ls 39° tan 9.90837 
Ly 55° cot 9.84523 Ly 55° cot 9.84523 
Lova 66° 09’ E. cos 9.60667 Lovp 55° 27’ W. cos 9.75360 
Lo, 18 00 W. Lop 145 00 E. 
Loy 48 09 E. Loy 89 33 E. 


Graphic approximation.—The composite track may be obtained by drawing a 
straight line between the given points on a Mercator chart and erecting at its middle 
oint a perpendicular, which should be extended until it intersects the limiting parallel. 
hen through this intersection and the two points describe the arc of a circle, and 
this will approximate to the shortest distance within the assigned limit of latitude. 
A terrestrial globe may be employed for the determination of the composite 
track; the method of its use will suggest itself. 
Another approximation is obtained by joining the two points with a single 
great circle, and following this to its intersection with the limiting parallel; thence 
steaming along the parallel until the great circle is again intersected; then resuming 
the circle and following it to the destination. 


CHAPTER VI 
DEAD RECKONING 


Dead reckoning is the process by which the position of a vessel at any instant is 
found by applying to the last well-determined position the run that has since been 
made, using for the purpose the ship’s course and the distance indicated by the log. 

Positions by dead reckoning, differ from those determined by bearings of ter- 
restrial objects or by observations of celestial bodies in being less exact, as the cor- 
rectness of dead reckoning depends upon the accuracy of the estimate of the run, and 
this is always liable to be at fault to a greater or less extent. The course made good 
by a ship may differ from that which is believed being made good, by reason of imper- 
fect steering, improper allowance for compass error, the leeway (caused by the wind), 
and also the effects of unknown currents; the allowed distance over the ground may 
be in error on account of inaccurate logging and unknown currents. 

Notwithstanding its recognized defects as compared with the more exact meth- 
ods, the dead reckoning is an invaluable aid to the navigator. It affords a means of 
plotting the position of the ship at any desired time between astronomical deter- 
minations; it also gives an approximate position at the moment of taking astro- 
nomical observations which is a great convenience in working up those observations; 
and finally it affords the only available means of determining the location of a vessel 
at sea during those periods (which may continue for several days together) when the 
weather is such as to render the observation of celestial bodies an impossibility. 

: Taking departure.— Before losing sight of the land, and preferably while objects 
remain in good view, it is the duty of the navigator to take a departure; this consists 
in fixing the position of the ship by the best means available, and using this position 
as the origin for dead reckoning. There are two methods of reckoning the departure. 
The first and simpler consists in taking from the chart the latitude and longitude of 
the position found, and applying the future run thereto. The other requires that the 
bearing and distance of an object of known latitude and longitude be found; the 
position of the object then forms the basis of the reckoning, and the reversed direction 
of the bearing, with the distance, forms the first course and distance; thus it may be 
considered that the vessel starts from the position of the object and steams to the 
position where the bearing was taken; the correction for deviation in such a case 
should be that due to the heading of the vessel when the bearing was taken. Each 
time that a new position is determined it is used as a new departure for the dead 
reckoning. 

This meaning of the term departure should not be confounded with the other, 
which refers to the distance run toward east or west. 

Methods.—The working of dead reckoning merely involves an application of 
the methods of traverse sailing and middle latitude sailing. 

The various compass courses are set down in a column, and abreast each are 
written the errors by reason of which the course steered by compass differs from the 
true course made good over the ground; thence the true course made good is deter- 
mined and recorded; next, the distance is written in, and afterwards, by means of 
Table 3, the difference of latitude and departure are found, separate columns being 
kept for distances to the north, south, east, and west. 

When the position of the vessel at any moment is required, add up all the differ- 
ences of latitude and departure, and write in the column of the greater, the difference 
between the northing and southing, and the easting and westing. Apply the differ- 
ence of latitude to the latitude of the last determined position, which will give the 
latitude by D. R., and from which may be found the middle latitude; with the middle 
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latitude find the difference of longitude corresponding to the departure, apply this 
to the longitude of last position, and the result will be the longitude by D. R. 

The employment of the tabular form will be found to facilitate the work and 
guard against errors. It will be a convenience to include in that form columns showing 
the hour, together with the reading of the patent log (if used) each time that the 
course is changed or the dead reckoning worked up. 

Use the course to the nearest degree and distance to nearest tenth of a mile. 
Get latitude and dep. to the nearest tenth of a mile. 


Ezample.—At noon, a vessel took departure from Barnegat Lighthouse (Lat. 39° 45’.9 N., 
Long. 74° 06’.4 W.), bearing by compass 236°, distant 9 miles; vessel steered on courses in table 
until noon next day. A current set NE. magnetic at 1.5 knots throughout the 24 hours. Wind 
asin table. Find the dead reckoning position at noon, and the course and distance to Cape Hat- 
teras Lighthouse (Lat. 35° 15’.3 N., Long. 75° 31’.3 W.).  . 


Lat. Barnegat Light 39° 45’.9 N. Long. 74° 06’.4 W. 
DL. 1 22.28. Diff. Long. 1 24.5 E. ‘ 
Lat. (noon) 38 23.7 N. Long. (noon) 72 41.9 W. 
39 45.9 N. 
2)78 09 .6 
Middle Lat.= 39 04.8 N. 


Enter traverse Table 3 with Mid. Lat. 39° and Dep. 65.7 in Lat. column, then in Dist. column is 
found 84.5 or Diff. Long. 84’.5 or 1° 24’.6 E. To find course and distance made good, enter Table 
3, and look for place where DL 82’.2 and Dep. 65’.7 are side by side. This is found under course S. 
89° E. (141°); abreast these numbers is distance 105. 


Therefore course and distance made good is 141°, 105 miles. 


Mer. parts 
Lat. of vessel 38° 23’.7 N. 2483’.9 Long. 72° 41’.9 W. 
Lat. C. Hatteras 35 15.3 N. 2249 .4 Long. 75 31.8 W. 
Diff. Lat. 3 08 .4 S. m= 234.5 Diff. Long. 2 49.4 W. 
or 188’.4 ; or 169’.4 
Tan. Co. = Diff. Long. +m Dist. = Sec. Co. * Diff. Lat. 


Diff. Long. 169.4= log. 2.22891 
. M= log. 2.37014 


Course 8. 35° 51’ W. (216°) tan 9.85877____.. -_-- secant .09119 
Diff. Lat. 188’.4 2.27508 
Dist. = 232.4 log. 2.36627 


Therefore course and dist. to Cape Hatteras is 216°, 232.4 miles. 


Example.—Steaming from Norfolk to Block I. Sound, about 1 p. m., took departure from Cape 
Charles light vessel (Lat. 37° 05’.3 N., Long. 75° 43’.5 W.), compass bearing 271°, distant 8 miles, 
ship’s head 90°, dev. 4° W. var. 5° W. Steamed thence till noon next day on the following courses 
and distances which, with other data, will be foundin the form. Required the latitude and longitude 
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in by D. R., course and distance from the light vessel] by D. R., and course and distance from the 
aan position to a point in Block I. Sound, in Lat. 41° 15’ N., Long. 71° 10’ W., by middle latitude 
iling. 


Diff. of Lat. Departure 
Wind aie ||. wae Dev. | Leeway| coures | tance 
N 8 E. W 

True bearing Lt. vessel reversed = 82° 8 Ls eee 120: Meese 
NW. 84° 5° W. | 4° W. 0° 75 10 26 lao eso See Gale (RCRD ete EN 
NW. 79 5 W. | 4 W. 0 70 15 Bo eae oS 14.1 Jj... 
NW. 67 5 W. 3 FW. 0 59 | 40 20. 6 |_._._--- 34.3 |... -. 
NW. 20 6 W. 1 E. 5 48.5 | 45.6 |_._____- 16.6 |_-.--.-. 

N. 286 6 W. | 3 E. 5 278 12 | lr ao: Renta ees, (nee tree 11. 9 
NW. 57 7 W./ 2 W. 5 53 12 y Fey a Dae OO lis odie 
NE. 87 7 W. 4 W. 8 84 20 2 A atten 19.9 |... -_-- 

NE. 31l 7 W. 2 E. 5 301 10 B52 owed eto oe 8.6 

DL= | 91.2|N 112. 1 20. 5 

Course by D. R.=45°. Distance 129 miles. 20. 5 
Dep.= 91.6 | E 
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Lat. left =37° 085’.3 N. Long. left=75° 43.8 W. Lat. of point=41° 15’, 4 x Long. of point =71° a0. 0 W. 

Run D.L. = 1 31.2N. DLo. =1 560 E. Lat. =38 36. Long. in =73 5 W. 

Lat. arrived=38 36.5 N. Long. =73 47.5 W. Diff. Lat. = 2 38.5N. Diff. Long. =2 87.5 E. 

Mid. Lat. =37 60.9N. = 158.5N. = 157.5 KE. 

Mid. Lat. =39 655.7.N. Dep. = 12.8 E. 

True course to point =387° 
ist. = 199. 2 miles. 


Ezxample.—A steamer’s position by observation at noon, patent log reading 27.3, is Lat. 49° 15’ 
N., Long. vo 32’ W. ‘Thence compass course is 262°, the compass error on eo" tp = ae W., until 
12. '30, at which time, patent log reading 33.9, the course is then changed to 260° ( with same 
error. At 4.12, patent log 80.5, sights are taken from which it is found that the tale Moneitudet is 
8° 46’ W., and the compass error 19° W. At 6.15, patent log reading 6.1, a sight is taken from which 
it is found that the true latitude is 48° 347.5 N. | At 8 p. m. the patent log reads 27.5. Required 
the positions by D. R. at each sight and at 8 o'clock. 


Latitude Longitude 

By obs. at noon, 49° 15’.0 N. 7° 32'.0 W. 
Run to 4.12 sight, 26.48. Mid.L.,49° 1 10.3 W. 
By D. R. at 4.12 sight, 48 48.6 N. 8 42.3 W. 
By obs. at 4.12 sight, cieuiamiamei 
Run to 6.15 sight, 12 .4 S. Mid. L., 49° 8 a : ie 
By D. R. at 6.15 sight, 48 36.2 N. = 1 
By obs. at 6.15 sight, 48 34.5 N. 

Run to 8 p. m., 10 .4 8. Mid. L., 48° 27 .9 W. 
By D. R. at 8 p. m., 48 24.1N. 9 48.0 W 


Current allowance.— When a vessel is sailing in a known current whose strength 
may be estimated with fair accuracy, a more correct position may be arrived at by 
7 pala the set and drift of the current as a course and distance to be regularly 

en account of in the dead reckoning. 
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Example.—A vessel in the Gulf Stream at a point where the current is estimated to set 48° at 
the rate of 1.8 miles an hour, steams 183° (true), making 9.5 knots through the water for 3 30°. 
Middle latitude 35°. Required the course and distance made good. 


Current 


Made good 


Current finding.—It is usual, upon obtaining a good noon position by observa- 
tion, to an ea that position with the one obtained by dead reckoning, and to 
attribute such discrepancy as may be found to the effects of current. It has been 
pointed out that causes other than the motion of the water tend to make the dead 
reckoning inaccurate, so that it must not be assumed that currents proper are thus 
determined with complete correctness. 

Current is said to have set and drift, referring respectively to the direction toward 
which it is flowing and the velocity with which it moves. 

In calculating current by the method of comparing positions by observation 
with those by D. R., the navigator must make a limit to the periods during which 
the dead reckoning has been brought forward independently, without receiving 
any corrections due to new points of departure. In case it is desired to find the 
current covering a period aunne which fresh departures have been used, as from 
noon to noon, find the algebraical sums of all the differences of latitude and longitude 
from the table, and apply these to the latitude and longitude of original departure— 
that of the preceding noon; this gives the position from the ship’s run proper, and 
the difference between this and the position by observation gives the set and drift 
for the 24 hours; if an allowance has been made for current, as explained in the pre- 
ceding article, that must be omitted in bringing up the position which is to take 
account of the run only. ae 

Day’s run.—It is usual to compute, each day at noon, the vessel’s total run for 
the preceding 24 hours. Having the positions at noon of each day, the course and 
distance between them is found. The position by observation is used in each case, 
if such has been found; otherwise, the position by dead reckoning is used. 

Example.— At noon, January 22, the position of a vessel by observation was Lat. 35°10’ N.., 
Long. 134°01’ W. During the next 24 hours, the run by D. R. was 60.1 miles north and 153.2 


miles east. At noon, January 23, the position by observation was Lat. 36°03’ N., Long. 131°14’ 
W. Required the position by D. R. at the latter time; also the run and current for the 24 hours. 


Latitude Longitude 
By obs., noon, 22d, 35° 10.0 N.)agca page [134° 01'.0 W. 
Run, 1 00.1 N. Dep. i882 8 09 4 E. 
By D. R., noon, 23d, 36 10.1 N.JD-10» 189-4 E.[139 51 6 w. 


By obs., noon, 23d, 36 03 .0 —. 22.4 wt 14.0 W. 


Current, 7.18. (Dep., 18.1 W. 22 .4 W. 


Current for 24 hours, 7.1 S., 18.1 W.=249°, 
19.4 miles. 
Current per hour, 249°, 0.8 mile. 


Latitude Longitude 
By obs., noon, 23d, 36° 03’.0 N. Mid. L.. 36° 131° 147.0 W. 
By obs., noon, 22d, 35 10.0 N. D.Lo.. 167.0 E134 01.0 W. 
Run, 0 53.0 N.} DeP-» 135.1 2 47.0 E. 


Run for 24 hours, 53’.0 N., 135’.1 E.=68°, 146 miles. 


CHAPTER VII 
NAUTICAL ASTRONOMY, DEFINITIONS 


Nautical astronomy has been defined as that branch of the science of navigation 
in which the position of a vessel is determined by observations of celestial objects— 
the sun, moon, planets, or stars. ; 

The celestial sphere.—An observer upon the surface of the earth views the 
heavenly bodies as if situated upon the surface of a vast hollow sphere, of which the 
eye is the center. This apparent vault has no existence, and only the relative direc- 
tions can be determined of the celestial bodies—not their distances from ‘each other, 
or from the observer. But. by adopting an imaginary spherical surface of an infinite 
radius, the eye of the observer being at the center, the places of the heavenly bodies 
can be projected upon this celestial sphere, at points where the lines joining them 
with the center intersect the surface of thesphere. Since the center of the earth is 
the point from which.all angular distances are measured, the observer, placed there, 
will find projected on the celestial sphere, not only the celestial bodies, but the imagi- 
nary points and circles of the earth’s surface. The actual position of the observer 
on the surface will be projected in a point called the zenith; the meridians, equator, 
and all other lines and points may also be projected. 

The geographical position of a celestial body is the point on the surface of the 
earth that has the body in its zenith, or it is the substellar, subsolar or sublunar point. 
Its latitude is defined by the declination and its longitude by the Greenwich hour 
angle of the celestial body. 

An observer on the earth’s surface is constantly changing position with relation 
to the celestial bodies projected on the sphere, thus giving to the latter an apparent 
motion. This is due to three causes: first, the diurnal motion of the earth, arising 
from its rotation upon its axis; second, the annual motion of the earth, arising from 
its motion about the sun in its orbit; and third, the actual motion of these celestial 
bodies. The changes produced by the diurnal motion are different for observers at 
different points upon the earth, and depend upon the latitude and longitude of the 
observer. But the changes arising from the other causes named are independent 
of the observer’s position, and may be considered at any instant in their relation to 
the center of the earth. ‘To this end the elements necessary for any computation are 
tabulated in the Nautical Almanac from data based upon the laws which have been 
found by long series of observations to govern the actual and apparent motion of 
the various bodies. — 

The zenith of an observer on the earth’s surface is the point of the celestial 
sphere vertically overhead. The nadir is the point vertically beneath (not used in 


navigation). | 

The celestial horizon is the great circle of the celestial sphere formed by passing 
a plane through the center of the earth at right angles to the line which joins that 
point with the zenith of the observer. The celestial horizon differs somewhat from 
the visible horizon, which is that line appearing to an observer at sea to mark the 
intersection of earth and sky. This difference arises from two causes: first, the 
eye of the observer is always elevated above the sea level, thus permitting him a 
range of vision exceeding 90° from the zenith; and second, the observer’s position 
is on the surface instead of at the center of the earth. These causes give rise, respec- 
tively, to dip of the horizon and parallax, which will be explained later. 

in figure 44 the celestial sphere is considered to be projected upon the celestial 

horizon, represented by NESW; the zenith of the observer is projected at Z, and that 
pole of the earth which is elevated above the horizon, assumed for illustration to be 
the north pole, appears at P, the elevated pole of the celestial sphere. The other 
pole is not shown in the figure. 
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The pa pcan: or celestial equator, is the great circle formed by extending 
the plane of the earth’s equator until it intersects the celestial sphere. It is shown 
in the figure in the line EQW. The equinoctial intersects the horizon in E.and W, 
its east and west points. | 

Hour circles or celestial meridians are great circles of the celestial sphere passing 
through the poles; they may be formed by extending the planes of the respective 
terrestrial meridians until they intersect the celestial sphere. In the figure, PB, PS, 
PB’, are hour circles, and that one, PS, which contains the zenith and is formed by 
the projection of the terrestrial meridian of the observer, intersects the horizon in 
N and §, its north and south points. The upper branch of the celestial meridian is 
that half which lies on the same side of the poles as the zenith. The opposite half 
is the lower branch. ; 

Vertical circles, or circles of altitude, are great circles of the celestial piers 
which pass through the zenith and nadir; they are seconda to the horizon. In the 
figure, ZH, WZE, NZS, are projections of such circles, which being at right angles to 
the plane of projection, appear as straight lines. The vertical circle NZS, which 
passes through the poles, coincides with the 
meridian of the observer. The vertical circle 
WZE, whose plane is at right angles to that 
of the meridian, intersects the horizon in its 
eastern and western points, and, therefore, at 
the points of intersection of the equinoctial 
and celestial horizon; this circle is distin- 
guished as the prime vertical. 

The declination of any point on the celes- 
tial sphere is its angular distance from the 
equanocuas measu upon the hour circle 
which passes through that point; it is desig- 
nated as north or south according to the direc- 
tion of the point from the equinoctial; it is 
customary to regard north declinations as 
positive Ct), and south declinations as nega- 
tive (—). In the aur DM is the declina- 
tion of the pomt M. Declination upon the 
celestial sphere corresponds with latitude 

Fioure 44. upon the earth. 

Parallels of declination are small circles 
whose planes are parallel to.the plane of the equinoctial. Parallels of latitude are 
small circles whose planes are parallel to the planeof the equator. 

The polar distance of any point is its angular distance from the pole (generally, the 
elevated pole of an observer), measured upon the hour circle passing through the point; 
it must therefore equal 90° minus the declination, if measured from the pole of the 
same name as the declination, or 90° plus the declination, if measured from the pole of 
opposite name. The polar distance of the point M from the elevated pole P 1s PM. 

The altitude of any point on the celestial sphere is its angular distance from the 
horizon, measured upon the vertical circle passing through the point; it is regarded 
as positive when the body is on the same side of the horizon as the zenith. The 
altitude of the point M is HM. 

The zenith distance of any point is its angular distance from the zenith, measured 
upon the vertical circle passing through the point; the zenith distance of any point 
which is above the horizon of an observer must equal 90° minus the altitude. The 
zenith distance of M, in the figure, is ZM. 

The hour angle of any point is the angle at the pole between the meridian of the 
observer and the hour circle passing through that point; it may also be regarded as 
the arc of the equinoctial intercepted between those circles. It is measured toward 
the west as a positive direction through 24", or 360°, which constitutes the interval 
between the successive returns to the meridian, due to the diurnal rotation of the 
earth, of any point in the celestial sphere. The hour angle of M is the angle QPD, 
or the arc QD. 

The Greenwich hour angle (G. H. A.) of a celestial body is the angle at the pole 
between the meridian of Greenwich and the hour circle of the body. 
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The azimuth of a point on the celestial sphere is the angle at the zenith between 
the meridian of the observer and the vertical circle passing through the point; it may 
also be regarded as the arc of the horizon intercepted between those circles. It is 
measured from either the north or the south point of the horizon (usually that one 
of the same name as the elevated pole) to the east or west through 180°, and is named 
accordingly; as, N. 60° W., or S. 120° W., (300°). The azimuth of M is the angle 
NZH, or the arc NH, from the north point; or it is the angle SZH, or the arc SH, 
from the south point of the horizon. 

The amplitude of a point is the angle at the zenith between the prime vertical 
and the vertical circle of the pon; it 1s measured from the east or the west point of 
the horizon through 90°, as W. 30° N. It is closely allied with the azimuth and ma 
always be deduced therefrom. In the figure, the amplitude of H is the angle WZH, 
or the are WH. The amplitude is used only with reference to points in the horizon. 

The ecliptic is the great circle representing the path in which, by reason of the 
annual revolution of the earth, the sun ap to move on the celestial sphere; the 
plane of the ecliptic is inclined to that of the equinoctial at an angle of 23° 27%’ 
and this inclination is called the obliquity of the ecliptic. The ecliptic is represen 
by the great circle CVT. 

The equinoxes are those points at which the ecliptic and the equinoctial intersect 
and when the sun occupies either of these positions the days and nights are of equal 
length throughout the earth. The Vernal equinox is that one at which the sun 
appears to an observer on the earth when passing from southern to northern declina- 
tion, and the autumnal equinox that one at which it appears when passing from 
northern to southern declination. The vernal equinox is also designated as the 
cab arr ve and is used as an origin for reckoning right ascension; it is indicated 
in the eat V. 

The solstices are points of the eoipue at a distance of 90° from the equinoxes 
at which the sun attains its highest declination in each hemisphere. They are call 
en eau and the winter solstice. The summer solstice is indicated in the figure 
at U. | 
The right ascension of a point is the angle at the pole between the hour circle 
of the point and that of the first point of Aries; it ma be regarded as the arc of 
the equinoctial intercepted between those circles. It is measured from the first 
point of Aries to the eastward as a positive direction, through 24 hours (0*-24"), or 
360°. The right ascension of the point M’ is VD’. 

Celestial latitude is measured to the north or south of the ecliptic upon great 
circles secondary thereto. Celestial longitude is measured upon the ecliptic from the 
first point of Aries as an origin, being regarded as positive to the eastward throughout 
360°. This system of reference is not used in navigation. 

Coordinates.—In order to define the position of a point in space, a system of 
lines, angles, or planes, or a combination of these, 1s used to refer it to some fixed 


line or plane adopted as the primitive; and the lines, H 
angles, or planes by which it is thus referred are called 
coordinates. 
In figure 45 is shown a ghee of rectilinear coor- 1) eee 
dinates for a plane. A fixed line FE is chosen, and in y 


it a definite point C, as the origin. Then the position F Cc x 
of a point A 1s defined by CB=z, the distance from the =~" = | ”~&=& 
origin, C, to the foot of a perpendicular let fall from 
A on FE; and by AB=y, the length of the perpen- rs 
dicular. The distance z is called the abscissa and y the er 
ordinate. Assuming two intersecting right lines FE and HI as standard lines of refer- 
ence, the location of the point A is defined by its distance from each in a direction 
parallel to the other. oe 

An exemplification of this system is found in the chart, on which FE is represented 
by the equator, HI by the j prune meridian ; the coordinates z and y being the longitude 
and latitude of the point A. ae 

The great circle is to the sphere what the straight line is to the plane; hence, to 
define the position of a point on the surface of a sphere, some great circle must be 
selected as the primary, and some particular point of it as the ongin. Thus, mm figure 
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46, which represents the case of a sphere, some fixed great circle, Q’CBQ, is selected 
as the circle of reference and called the primary; and a point C is chosen as the origin. 

7 Then to define the position of any point A, the abscissa z 
equals the distance from C to the point B, where the secondary 
great circle through A intersects the primary; the ordinate y 
equals the distance of A from the primary, measured on the 
. secondary—that is, z=CB and y=AB. 

In the case of the earth, the primary selected is the 
equator (its plane being perpendicular to the earth’s axis), and 
upon this are measured the abscissas, while upon the secon- 
daries to it are measured the ordinates of all points on the 
earth’s surface. The initial point for reference on the equator 
is determined by the prime meridian chosen. West longitudes 
and north latitudes are called positive, east longitudes and 

Fiounr #6. = Ss south latitudes, negative. 

In the case of the celestial sphere, there are four systems of coordinates in use 
for defining the position of any point; these vary accord! g to the circle adopted as 
the primary and the pomt as an origin. They are as follows: 


1. Altitude and azimuth. 

2. Declination and hour angle. 

3. Declination and right ascension. 

4. Celestial latitude and Jongitude (not used in navigation). 


Altitude and azimuth.—In this system the primary circle is the celestial horizon, 
the secondaries to which are the vertical circles, or circles of altitude. The horizon 
is intersected by the celestial meridian in its northern and southern points, of which 
one—usually that adjacent to the elevated pole—is selected as an origin for reckonin 
coordinates. The azimuth indicates in which vertical circle the pomt to be defin 
is found, and the altitude gives the position of the point in that circle. In figure 44 
the point M is located, according to this system, by its azimuth NH and altitude HM. 

Declination and hour angle.—In this system the primary circle is the equinoctial, 
the secondaries to which are the hour circles. The point of origin is that intersection 
of the equinoctial and the observer’s celestial meridian which is above the horizon. 
The hour angle indicates in which declination circle the point to be defined is found, 
and the declination gives the position of the pointin that circle. In figure 44 the pe 
M is located, according to this system, by its hour angle QD and declination DM. 

Declination and right ascension.—In this system the primary and secondaries 
are the same as in the system just described, but the point of ongin differs, being 
assumed to be at the first point of Aries, or vernal equinox. The right ascension 
indicates in which declination circle the point to be defined may be found, and the 
declination gives the position in that circle. In figure 44 the point M’ is located by 
VD’, the right ascension, and D’M’, the declination. It should be noted that this 
system differs from the preceding in that the position of a point is herein referred to 
a fixed point on the celestial sphere and is independent of the zenith of the observer 
as well as of the position of the earth in its diurnal motion, while, in the system of 
declination and hour angle, both of these are factors in determining the coordinates. 

The horizon and the equinoctial are of especial importance to the navigator, as 
they form the basis of the systems of coordinates used. 


Summary 


Primary Secondary 


Horizon Vertical circles. i Altitude. 
Equinoctial : pesinstion: 
o. 
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Relation between hour:angle and azimuth.—When H. A. is less than 180°, 
azimuth is west. When H. A. is between 180° and 360°, azimuth is east. 


PROJECTIONS OF ASTRONOMICAL TRIANGLE 


In figure 44 the triangle PMZ is the astronomical triangle, and is the triangle which 
the navigator solves to find latitude and longitude. This solution is reached through 
the use of formulas of spherical trigonometry, in which if any three parts of a triangle 
are known, the unknown parts may be obtained. 

The spherical or astronomical triangle may be projected on the plane of the 
meridian, the horizon, or the equinoctial. The choice of projection is determined by 
the method of solution to be used. The three projections are shown below. 


Figure 47. Ficure 48. 


Figures 47, 48, and 49 are Lia hes of the astronomical triangle on the plane 
of the meridian, the horizon, and the equinoctial, respectively, in which the following 


lettering is used. 
P=Elevated pole. 


Z=Zenith of the observer. 
M or M’=Celestial body. 3 
PM = Polar distance= (90° — declination). 
ZM = Zenith distance= (90°— altitude). 
PZ=Co-latitude= (90°— PN) or (90°—latitude). 
Angle MPZ=Hour angle. | 
Angle PZM = Azimuth. 
Angle ZMP= Position angle (seldom used in navigation). 


In figure 47, if the body (M) were on the meridian of the observer, as at d, the 

triangle would be a straight line PZd. 
figure 48 the astronomical triangle may be constructed as follows: 

Suppose that in latitude 54° N. an altitude of 67° is measured, and an azimuth of 
120°. Since the latitude is 54° the pole may be placed on the meridian NZS by 
measuring 54° from north and dropping a perpendicular to the meridian, because the 
latitude of the observer is equal to the altitude of the elevated pole (it is 90° from N 
to Z). The equinoctial passes through the east and west point, and since the decli- 
nation of the zenith is equal to the latitude of the place, by laying off 54° from E. and 
dropping a perpendicular on the meridian, the position of the equator on the meridian 
is determined. Now lay off the azimuth 120° from north; draw from Z through 120° 
line ZA. Lay off from A the altitude 67°, drop perpendicular on ZA, and locate 
eee Me M. en the body is at M, the hour angle t is east; when the body is at M’, 
the hour angle t’ is west. 
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In figure 49 the astronomical triangle is projected on the plane of the equinoctial, 
but this projection is more frequently used as a time diagram. The pole P, being at 
the center of the projection, causes all meridians to be 
represented by diameters of the circle representing the 
equinoctial. Therefore, the hour angle between any two 
meridians may be readily shown in units of arc or time, 
as will be further explained in the chapter on time. 

In figures 50 and 51, the values of the sides of the 
astronomical triangle are shown in the terms used by 
the navigator. | 

Figure 52 represents one of the instruments that has 
been devised for mechanically solving the astronomical 
triangle. It is made to represent the celestial sphere. 
For instance, when the latitude, declination, and hour 
angle areset upon their proper graduated arcs, the corre- 
sponding altitude and azimuth may beread on their proper 
arcs and vice versa. Such instruments are costly and subject to instrumental errors, 
but they are very useful for checking computations and may some day be devised in 
a form useful to the navigator. 


Ficupe 49. 


N 


MERIDIAN _IN CO-LAT, U 


Ficure 50. Friaure 51. 
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FAGuRE §2.—Computing instrument. 


CHAPTER VIII 
NAUTICAL ASTRONOMY INSTRUMENTS 


THE SEXTANT 


The sextant is an instrument for measuring the angle between two objects by 

bringing into coincidence at the eye of the observer rays of light received directly 
from the one and by reflection from the other, the measure being afforded by the 
inclination of the reflecting surfaces. By reason of its small dimensions, its accuracy, 
and, above all, the tact that it does not require a permanent or a stable mounting 
but is available for use under the conditions existing on shipboard, it is a most 
important instrument for the purposes of the navigator. While the sextant is not 
se pies of the same degree of accuracy as fixed instruments, its measurements are 
sufficiently accurate for navigation. . 
Description—A modern form of the sextant is represented in figure 53. The 
frame is of brass or some similar alloy. The graduated arc, AA, generally of silver, 
is marked in appropriate divisions; in the finer sextants, each division represents 10’ 
and the vernier affords a means of reading to 10’’.. A wooden handle, H, is provided 
for holding the instrument. The index mirror, M, and horizon mirror, m, are of 
plate glass, and are silvered, though the upper half of the horizon glass is left plain 
to allow direct rays to pass through unobstructed. To give greater distinctness to 
the images, a small telescope, E, is placed in the line of sight; it is supported in a ring, 
K, which can be moved by a screw in a direction at right angles to the plane of the 
sextant, thus shifting the axis of the telescope, and therefore the plane of reflection. 
This plane always remains parallel to that of the instrument, the motion of the tele- 
scope being intended merely to regulate the relative brightness of the direct and 
reflected image. In the ring, K, are small screws for the purpose of adjusting the 
telescope by making its axis parallel with the plane of the sextant. The vernier is 
carried on the end of an index bar pivoted beneath the index mirror, M, and thus 
travels along the graduated scale, affording a measure for any change of inclination 
of the index mirror. The index mirror, M, is attached to the head of the index bar, 
with its surface perpendicular to the plane of the instrument; an adjusting screw is 
fitted at the back to permit of adjustment to the perpendicular plane. The fixed 
glass m, half silvered and half plain, is called the horizon glass, as it is through this 
that the horizon is observed in measuring altitudes of celestial bodies; it is provided 
with screws, by which its perpendicularity to the plane of the instrument may be 
adjusted. At P and Q are colored glasses of different shades, which may be used 
separately or in combination to protect the eye from the intense light of the sun. 
In order to observe with accuracy and make the images come precisely in contact, 
a tangent screw is fixed to the index, by means of which the latter may be moved with 
greater precision than by hand; but this screw does not act until the index 1s fixed by 
the screw C at the back of the sextant; when the index is to be moved any consider- 
able amount, the screw C is loosened; when it is brought near to its required posi- 
tion the screw must be tightened, and the index may then be moved gradually by the 
tangent screw. 

Besides the telescope, E, the instrument is usually provided with an inverting 
telescope, and a tube without glasses; also, with a cap carrying colored glasses, which 
may be put on-the eye end of the telescope, thus dispensing with the necessity for 
the use of the colored shades, P and Q, and eliminating any possible errors which 
might arise from nonparallelism of their surfaces. 

The latest type of sextant (see fig. 53) furnished to the United States Navy is 
fitted with an endless tangent screw which carries a micrometer drum from which 
the seconds of arc are read. By pressure of the thumb the tangent screw is released 
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Ficure 53.—Sextant. 
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and the index bar may be moved to any position on the arc by hand, where the 
tangent screw is again thrown into gear by releasing the pressure of the thumb. 
The endless tangent screw is accomplished by cutting the edge of the arc with the 
worm teeth into which the tangent screw gears. At night the reading of this sextant 
is facilitated by a small electric light carried on it and supplied by a battery con- 
tained in the handle. 

The ordinary vernier is an attachment facilitating exact readings of scale of 
a sextant, by which aliquot parts of the smallest divisions of the graduated scale 
are measured. The principle of the sextant vernier is almost identical with that of 
the barometer vernier, a complete description of which was given under that subject 
in chapter II. The arc of a sextant is usually divided into 120 or more parts, each 
division representing 1°; each of these degree divisions is further subdivided to an 
extent dependent upon the accuracy of reading of which the sextant is capable. In 
the instruments for finer work, the divisions of the scale correspond to 10’ each and 
the vernier covers a length corresponding to 59 such divisions, which 1s subdivided into 
60 parts, thus permitting a reading of 10’’; all sextants are not so closely graduated. 

Whatever the limits of subdivision, all sextants are fitted with verniers which 
contain one more division than the length of scale covered, and in which, therefore, 
scale-readings and vernier-readings increase 
in the same direction—toward the left hand. 
To read any sextant, it is necessary to ob- 
serve the scale division next below, or to the 
right of, the zero of the vernier, and to add 
thereto the angle corresponding to that divi- 
sion of the vernier scale which 1s most nearly 
in exact coincidence with a division of the 
instrument scale. 

Optical principle-—When a ray of light 
is reflected from a plane surface, the angle of 
incidence is equal to the angle of reflection. 

Paes ee. From this it may be proved that when a ray of 

light undergoes two reflections in the same 

plane with two plane mirrors the angle between its first and its Jast direction is equal 

to twice the inclination of the reflecting surfaces. Upon this fact the construction of 
the sextant is based. 

In figure 54, let B and C represent, respectively, the index mirror and horizon 
mirror of a sextant; draw EF perpendicular to B, and CF perpendicular to C; then 
the angle CFB represents the inclination of the two mirrors. Suppose a ray to pro- 
ceed from A and undergo reflection at B and at C, its last direction being CD; then 
ADC is the angle between its first and last directions, and it is desired to prove that 
ADC=2 CFB. 

From the equality of the angles of incidence and reflection: 


ABE=EBC, and ABC=2 EBC; 
BCF=FCD, and BCD=2 BCF. 


From geometry: 
ADC=ABC—BCD=2 (EBC—BCF)=2 CFB, 


which is the relation to be proved. 

In the sextant, since the index mirror is immovably attached to the index arm, 
which also carries the vernier, it follows that no change can occur in the inclination 
between the index mirror and the horizon mirror, excepting such as 1s registered by 
the travel of the vernier upon the scale. 

If, when the index mirror is so placed that it is nearly parallel with the horizon 
mirror, an observer directs the telescope toward some well-defined object, there will 
be seen in the field of view two separate images of the object; and if the inclination 
of the index mirror be slightly changed by moving the index bar, it will be seen that 
while one of the images remains fixed the other moves. The fixed image is the direct 
one seen through the unsilvered part of the horizon glass, while the movable image 
is due to rays reflected by the index and horizon mirrors. When the two images 
coincide these mirrors must be parallel (assuming that the object is sufficiently distant 
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to disregard the space which separates the mirrors) ; in this position of the index mirror 
the vernier indicates the true zero of the scale. If, however, instead of observing a 
single object, the instrument is so placed that the direct ray from one objectappears 
in coincidence with the reflected ray of a second object, then the true angle between 
the objects will be twice the angle of inclination between the mirrors. or twice the 
rp measured by the vernier from the true zero of the scale. To avoid the necessity 
of doubling the angle on the scale, the latter is so marked that each half degree appears 
as a whole degree, whence its indications give the whole angle directly. ; 

Sextant adjustments.—The theory of the sextant requires that the following 
conditions be fulfilled for accurate indications: 

(a) The two surfaces of each mirror and shade glass must be in parallel planes. 

(6) The graduated arc or limb must be a plane, and its graduations, as well as 
those of the vernier, must be exact. 

(c) The axis must be at the center of the limb, and perpendicular to the plane 


ereof. 

(d) The index and horizon glasses must be perpendicular, and the line of sight 
parallel to the plane of the limb. 

Of these, only the last named ordinarily require the attention of the navigator 
who is to make use of the sextant; the others, which may be called the permanent 
adjustments, should be made before the instrument leaves the hands of the maker, 
and with careful use will never be deranged. 

The index mirror adjustment consists in making the reflecting surface of this 
mirror perpendicular to the plane of the sextant. To test this, set the index neer the 
middle of the arc, then, placing the eye very nearly in the plane of the sextant and close 
to the index mirror, observe whether the direct image of the arc and its image reflected. 
from the mirror appear to form one continuous arc; if so, the glass is perpendicular to 
the plane of the sextant; if the reflected image appears to treo from the arc seen 
directly, the glass leans backward; if it seems to rise, the glass leans forward. The 
adjustment is made by the screws at the back of the mirror. 

The horizon mirror adjustment consists in malin the reflecting surface of this 
pares ter groaaeioaere to the plane of the sextant. The index mirror having 
adjusted, if, in revolving it by means of the index arm, there is found one position in 
which it is parallel to the horizon glass, then the latter must also be perpendicular to 
the plane of the sextant. In order to test this, put in the telescope and direct it 
toward a star; move the index until the reflected image appears to pass the direct 
image; if one passes directly over the other the mirrors must be parallel; if one passes 
on either side of the other the horizon glass needs adjustment, which is accompli 
by means of the screws attached. 

The sea horizon may be used also for making this adjustment. Hold the sextant 
vertically and bring the direct and the reflected images of the horizon line into coin- 
cidence; then incline the sextant until its plane makes but a small angle with the 
horizon; if the images still coincide the glasses are parallel; if not, the horizon glass 
needs adjustment. 

The telescope adjustment must be made so that, in measuring angular distances, 
the line of sight, or axis of the telescope, shall be parallel to the plane of the instru- 
ment, as a deviation in that respect, in measuring large angles, will occasion a con- 
siderable error. To avoid such error, a telescope is employed in which are placed two 
wires, parallel to each other and equidistant from the center of the telescope; by means 
of these wires the adjustment may be made. Screw on the telescope, and turn the 
tube containing the eyeglass till the wires are parallel to the plane of the instrument; 
then select two clearly defined ea whose angular distance must be not less than 
90°, because an error is more easily discovered when the angle is great; bring the re- 
flected image of one object into exact coincidence with the direct image of the other 
at the inner wire; then, by altering slightly the position of the instrument, make the 
objects appear on the other wire; if the contact still remains perfect, the axis of the 
telescope is in its right position; but if the two objeets appear to separate or lap over 
at the outer wire the telescope is not parallel, and it must be rectified by turning one 
of the two screws of the ring into which the telescope is screwed, having previously 
loosened the other screw; by repeating this operation a few times the contact will be 
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precisely the same at both wires, and the axis oi the telescope will be parallel to the 
plane of the instrument. 

Another method is to place the sextant upon a table in a horizontal position, look 
along the plane of the limb, and make a mark upon a wall, or other vertical surface 
at a distance of about 20 feet; draw another mark above the first at a distance equal 
to the height of the axis of the telescope above the plane of the limb; then so adjust 
the telescope that the upper mark, as viewed through the telescope, falls midway 
between the wires. Some sextants are accompanied by small sights whose height 1s 
exactly equal to the distance between the telescope and the plane of the limb; by the 
use of these, the necessity for employing the second mark is avoided and the adjustment 
can be very accurately made. 

Errors.—The errors which arise from defects in the permanent adjustments of the 
sextant may be divided into three classes, namely: errors due to faulty centering of 
the axis, called eccentricity; errors of graduation; and errors arising from lack of 
parallelism of surfaces in index mirror and in shade glasses. 

The errors due to eccentricity and faulty graduation are constant for the same 
angle, and should be determined once for all at some place where proper facilities 
for doing the work are at hand; these errors can only be ascertained by measuri 
known angles with the sextant. If angles of 10°, 20°, 30°, 40°, etc., are first lai 
off with a theodolite or similar instrument and then measured by the sextant, a table 
of errors of the sextant due to eccentricity and deed graduation may be made, and 
the error at any intermediate angle found by interpolation; this table will include the 
error of graduation of the theodolite and also the error due to inaccurate reading of 
the sextant, but such errors are small. Another method for determining the com- 
bined errors of eccentricity and graduation 1s by measuring the angular distance 
between stars and comparing the observed and the computed arc between them, but 

is process is liable to inaccuracies by reason of the uncertainty of allowances for 
atmospheric refraction. 

Errors of graduation, when large, may be detected by “stepping off’’ distances 
on the graduated arc with the vernier ; place the zero of the vernier in exact coinci- 
dence with a division of the arc, and observe whether the final division of the vernier 
also coincides with a division of the arc; this should be tried at numerous positions 
of the graduated limb, and the agreement ought to be perfect in every case. 

The error due to a prismatic index mirror may be found by measuring a certain 
unchangeable angle, then taking out the glass and turning the upper edge down, 
and measuring the angle again; half the difference of these two measures will be 
the error at that angle due to the mirror. From a number of measures of angles 
in this manner, a table similar to the one for eccentricity and faulty graduation can 
be made; or the two tables may be combined. When possible to avoid it, however, 
no sextant should be used in which there is an index mirror which produces a greater 
error than that due to the probable error of reading the scale. Mirrors having a 

eater angle than 2’’ between their faces are rejected for use in the United States 
avy. Index mirrors may be roughly tested by noting if there is an elongated 
image of a well-defined point at large angles. 

Since the error due to a prismatic horizon mirror is included in the index cor- 
rection, and consequently applied alike to all angles, it may be neglected. 

Errors due to prismatic shade glasses can be determined by measuring angles 
with and without the shade glasses and noting the difference. They may also be 
determined, where the glasses are so arranged that they can be turned through an 
angle of 180°, by measuring the angle first with the glass in its usual position and 
then reversed, and taking the mean of the two as the true measure. 

Index error.—The index error of a sextant is the error of its indications due to 
the fact that when the index and horizon mirrors are parallel the zero of the vernier 
does not coincide with the zero of the scale. Having made the adjustments of the 
index and horizon mirrors and of the telescope, as previously descnbed, it is neces- 
sary to find that point of the arc at which the zero of the vernier falls when the two 
mirrors are parallel, for all angles measured by the sextant are reckoned from that 
point. If this point is to the left of the zero of the limb, all readings will be too 
great; if to the right of the zero, all readings will be too small. 
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If desirable that the reading should be zero when the mirrors are parallel, place 
the zero of the vernier on zero of the arc; then, by means of the adjusting screws of 
the horizon glass, move that glass until the direct and reflected images of the same 
object coincide, after which the perpendicularity of the horizon glass should again be 
verified, as it may have been deranged by the operation. This adjustment is not. 
essential, since the correction may readily be determined and applied to the reading. 
The sextant should never be relied upon for maintaining a constant index correction, 
and the error should be ascertained frequently. It is good practice to verify the 
correction each time a sight is taken. 

The index correction may be found by a star, by the sea horizon, or by the sun. 

Bring the direct and reflected images of a star into coincidence, and read off 
the arc. The index correction is numerically equal to this reading, and is positive 
or negative according as the reading is on the right or left of the zero. 

"Phe same method may be employed, substituting for a star the sea horizon, 
though this will be found somewhat less accurate. | 

easure the apparent diameter of the sun by first bringing the upper limb 
of the reflected image to touch the lower limb of the direct image, and then bringing 
the lower limb of the reflected image to touch the upper limb of the direct image. 

Denote the readings in the two cases by r and r’; then, if S=apparent diameter 
of the sun, and R= the reading of the sextant when the two images are in coincidence, 


we have: 
r =R-S, 
r'=R-—S 
R=} (r+r’) 


As R represents the error, the correction will be —R. Hence the rule: Mark the 
readings when on the arc with the negative sign; when off, with the positive sign; 
then the index correction is one-half the algebraic sum of the two readings. 


Exzample.—The sun’s diameter is measured for index correction as follows: On the arc, 31’ 20’; 
off the arc, 33’ 10’. Required the correction. 


On the arc, —31’ 20’ 
Off the arc, +33 10 


2)+ 1° 50 
ILC, . +0 55 


From the equations previously given, it is seen that, S=5 (r—r’); 


hence, if the observations are correct, it will be found that the sun’s semidiameter, 
as given in the Nautical Almanac for the day of observation, is equal to one-fourth 
the algebraic difference of the readings. If required to obtain the index correction 
with great precision, several observations should be taken and the mean used, the 
accuracy being verified by comparing the tabulated semidiameter with the value 
of the sémidiameter obtained by observing the diameter. If the sun is low, the 
horizontal semidiameter should be observed, to prevent the error that may arise from 
unequal refraction 
se of the sextant.—To measure the angle between any two visible objects, 
int the telescope toward the lower one, if one is above the other, or toward the 
eft-hand one, if they are in nearly the same horizontal plane. Keep this object 
in direct view through the unsilvered part of the horizon glass, and move the index 
arm until the image of the other object is seen by a double reflection from the index 
mirror and the silvered portion of the horizon glass. Having gotten the direct image 
of one object into nearly exact contact with the reflected image of the other, clamp 
the index arm and, by means of the tangent screw, complete the adjustment so that 
the contact may be perfect; then read the limb. 

In measuring the altitude of a celestial body above the sea horizon, it is necessary 
that the angle shall be measured to that point of the horizon which lies vertically 
beneath the object. To determine this point, the observer should move the instru- 
ment slightly to the right and left of the vertical, swinging it about the line of sight 
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as an axis, taking care to keep the object in the middle of the field of view. The 
object will appear to describe the arc of a circle, and the lowest point of this arc 
marks the true vertical. 

The shade glasses should be employed as a be necessary to protect the eye 
when observing objects of dazzling brightness, such as the sun, or the horizon when 
the sun is reflected from it at a low altitude. Care must be taken that the images 
are not too bright or the eye will be so affected as to interfere with the accuracy of 
the observations. 

Choice of sextants.—The choice of a sextant should be governed by the kind 
of work which is required to be done. In rough work, such as surveying, where 
angles need only be measured to the nearest 30’’ the radius may be as small as 6 
inches, which will permit easy reading, and the instrument can be correspondingly 
lightened. Where readings to 10’’ are desired, as in precise astronomical work, the 
radius should be about 7 inches, and the instrument, to be strongly built, should weigh 
about 3% pounds. 

The parts of an instrument should move freely, without binding or gritting. The 
eyepieces should move easily in the telescope tubes; the bracket for carrying the tele- 
scope should be made strong. It 1s found that the parallelism of the line of sight 
is destroyed in focusing the eyepiece, either on account of the looseness of the fit or 
because of the ee bracket being weak. The vernier should lie close to the 
limbs to prevent parallax in dare If it is either too loose or too tight at either 
extremity of its travel, it may indicate that the pivot is not perpendicular. The 
balls of the tangent screw should fit snugly in their sockets, so that there may be no 
lost motion. 

Where possible, the sextant should always be submitted to expert examination 
and test as to the accuracy of its permanent adjustments before acceptance by the 
navigator. . 

e modern sextants have endless tangent screws and are fitted with micrometers 
reading to 10’’ of arc. They also have electric light attachments for use at night. 

Resilvering mirrors.—Occasion may arise for resilvering the mirrors of a sextant, 
as they are liable to be damaged by dampness or other causes. For this purpose 
some clean tin foil and mefcury are required. Upon a piece of glass about 4 inches 
square place a piece of blotting paper of slightly less dimensions; on this blotter lay 
a piece of tin fo1l whose dimensions exceed by about a quarter of an inch in each direc- 
tion those of the glass to be silvered; smooth out the foil carefully by rubbing; put a 
drop of mercury on the foil and spread it with the finger over the entire surface, 
being careful that none shall find its way under the foil; then put on a few more drops 
of mercury until the whole surface is fluid. The mirror which is to bs silvered havin 
been carefully cleaned chemically with dilute nitric acid or alcohol should be lai 
upon a piece of tissue paper which is slightly reer than the foil; place both, paper 
side down, on the tin-mercury amalgam and withdraw the tissue paper from between 
the amalgam and mirror, a gentle pressure being kept upon the mirror to avoid the 
formation of bubbles; finally, place the mirror face downward and leave it in an 
inclined position to allow the surplus mercury to flow off, the latter operation being 
hastened by a strip of tin foil at its lower edge, and by placing a small weight on the 
mirror. After 5 or 6 hours the tin foil around the edges may be removed, and the 
next day a coat of any good commercial varnish or lacquer should be applied. For 
a horizon mirror care must be taken to avoid silvering the plain half. The mercury 
drawn from the foil should not be placed with clean mercury with 8 view to use in 
the artificial horizon or the whoie will be spoiled. 

Octants and quintants.—The sextant is an instrument whose arc covers one- 
sixth of a complete circle, and which is capable of measuring an angle of 120°. Other 
instruments are made, identical in principle with the sextant, and which differ from 
that instrument only in the length of the arc. These are the octant an eighth of a 
circle, by which angles may be measured to 90°, and the quintant a fifth of a circle, 
which measures angles up to 144°. The distinction between these instruments is not 
always carefully made. 

ubble sextant.—In this instrument a bubble arrangement is used to represent 
an artificial horizon, so that when the natural horizon is indistinct or invisible, as in 
hazy weather or when in an airplane high above the earth’s surface, observations 
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may still be made. The bubble is difficult to control owing to the motion of the ship 
or airplane, and consequently errors in the measured altitude of a celestia] body are 
liable to be greater than when the visible horizon is used. It is primarily used in 
aircraft Davigation where extreme accuracy is not so essential. 


THE ARTIFICIAL HORIZON 


The artificial horizon is a small, rectangular, shallow basin of mercury, over 
which, to protect the mercury from agitation by the wind, is placed a roof consisting 
of two plates of glass at right angles to each other. The mercury affords a perfectly 
horizontal surface which is at the same time an excellent mirror. The different parts 
of an artificial horizon are furnished in a compact form, a metal bottle being provided 
for containing the mercury when not in use, together with a suitable el for 


po 

If MN, in figure 55, 1s the horizontal surface of the mercury; S’B a ray of light 
from a celestial object, incident to the surface at B; BA the reflected ray; then an 
observer at A will receive the ray BA as if it proceeded from a point S’’, whose angular 
depression, MBS’’, below the horizontal plane is equal to the 
altitude, MBS’, of the object above that plane. If, then,SA 
is a direct ray from the o ject parallel to S’B, an observer at 
A can measure with the sextant the angle SAS’’=S’BS’’=2 

- S’BM, by bringing the image of the object reflected by the 
index mirror into coincidence with the image S”’ reflected by 
the mercury and seen through the horizon glass. The instru- 
mental measure, corrected for index error, will be double the 
apparent altitude of the ah 

The sun’s altitude will- be measured by bringing the 
lower limb of one image to touch the upper limb of the other. 
Half the corrected instrumental reading will be the apparent 

-altitude of the sun’s lower or upper limb, according as the 
lower or upper limb of the reflected image was the one em- 
ployed in the observation. 

In the morning with closing suns, the upper limb is observed, but with opening 
suns the lower limb is observed, while in the afternoon with closing suns the lower 
limb is observed and with opening suns the upper limb is observed When using an 
inverted telescope, it is the reflected mmage that moves in the field of view, and when 
the reflected is above the direct, upper limbs are used, and when the reflected 1s 
below the direct, lower limbs are fe 

In observations of the sun with the artificial horizon, the eye is protected by a 
single dark glass over the eyepiece of the telescope through which direct and reflected 
rays must pass alike, thereby avoiding the errors that might possibly arise from a 

ifference in the separate shade glasses attached to the frame of the sextant. 

The glasses in the roof over the mercury should be made of plate glass, with 
perfectly parallel faces. If they are at all prismatic, the observed altitude will be 
erroneous. The error may be removed by observing a second altitude with the roof 
reversed, and, in general, y taking one-half of a set of observations with the roof in 
one position and the other half with the roof reversed. On the rare occasions when 
the atmosphere is so calm that the unsheltered mercury will remain undisturbed, 
most satisfactory observations may be made by leaving off the roof. 

In Beviing up an artificial horizon, care should be taken that the basin is free 
from dust and other foreign matter, as small particles floating upon the surface of 
the mercury interfere with a perfect reflection. The basin should be so placed that 
its longer edge lies in the direction in which the observed body will bear at the middle 
of the observations. The spot selected for taking the sights should be as free as 
possible from vibration, and precautions should be taken to shelter the horizon from 
the wind, as the mere placing of the roof will not ordinarily be sufficient to accom- 
plish this. Embedding the roof in earth serves to keep out the wind, while setting 
the whole horizon upon a thick towel or a piece of such material as heavy felt usually 
affords a rotection from wind, tends to reduce the vibrations from mechanical 
shocks, and also aids in keeping out the moisture from the ground. In damp cli- 
mates the roof should be kept dry by wiping, or the moisture deposited from the 
inclosed air will form a cloud upon the glass. 
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Molasses, oil, or other viscous fluid may be employed as a substitute for mercury. 


Example.—Obeerved the double altitude of the sun’s upper limb from an artificial horizon, 
I. C.—1’'; 8. D. of sun 16’. 
Sextant double altitude 
o 50’ 
90 30 
90 20 
90 10 


(Mean) 90° 30’ 
ILC. — 1 


2)90 29 
obs. alt. 45° 14’ 30° 
Ref. ta 22) — 68 
Par. (Tab. 20) + 6 
8. D. —16 00 (N. A) 
True alt. 44 57 38 


When a star is observed with the artificial horizon, the only corrections are the index 
correction and that for refraction. The artificial horizon is seldom if ever used in 
modern navigation. 


CHRONOMETERS 


The chronometer is a type of clock which has special attachments to insure the 
most accurate time keeping under the varying conditions met at sea. A variable 
lever provides for uniform pressure of the mainspring. ‘A special expansion balance, 
formed by a combination of metals of different coefficients of expansion, compensates 
for changes in temperature. Special gimbals, mounted in a case, keep the instru- 
ment horizontal in spite of the ship’s movement in a seaway. A specially fitted box 
or case, in a permanent position, protects the instrument from radical changes in 
temperature and from shock. 

The chronometer is used by the navigator to determine the civil time of the: 
meridian of Greenwich, England, which is the basic time used for observations of 
celestial bodies in determining the ship’s position at sea. Since the accuracy of the 
work depends largely upon the accuracy of the chronometers they are treated with 

eat care. 
iz Chronometers that are used in the naval service are issued to ships by the Naval 
Observatory at Washington, D.C. Before issue their accuracy is thoroughly tested. 
They are set to Greenwich civil time and should be kept running constantly. After 
& period of 3 to 4 years, or in case of derangement, a chronometer should be returned 
to the Naval Observatory for cleaning and adjustment. No attempts to repair a 
chronometer should be made on board ship. 

Chronometer rate.—Since it is impossible to make a perfect instrument, a normal 
chronometer will gain or lose a small amount each day. The amount of the gain or 
loss for one day is called the rate. It should be uniform from day to day. The rate 
is called positive and marked (+) when the chronometer is gaining on the Greenwich 
civil time, and is called negative and marked (—) when losing on the Greenwich civil 
time. 

The chronometer error is the difference between the chronometer time indicated 
and the Greenwich civil time. The error, as the result of the daily rate, is changing 
daily, and so must be computed daily and recorded in the chronometer record book. 
It is marked positive or negative as the chronometer 1s fast or slow on the Greenwich 
civil time. ‘The size of the error is of little importance as long as it can be accurately 
computed at any moment. 

The chronometer correction is the chronometer error with the sign reversed, 80 
that when applied to the chronometer reading the corresponding Greenwich civil time 
is obtained. Great care must be taken in the use of the signs of the error and correc- 
tion. Itis much safer to mark the error “fast” or “slow,” and to apply it accordingly, 
knowing that the terms elways apply to the chronometer’s reading with respect to 
Greenwich civil time. 
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Ficuge 5.—C hronometer. 
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Time signals.—In order to keep account of the rate and error of a chronometer 
some means must be provided for periodic comparison with a more accurate time 
recorder. At astronomical observatories special clocks are regulated by the most 
refined observations of celestial bodies. The results of their account are made avail- 
able daily to all ships and stations, by means of radio and telegraph time signals. 
These signals permit the modern navigator to make a daily comparison of his chro- 
nometers with the most accurate time recorders made. 

Before radio was in general use, ships compared their chronometers each time 
they were in port; and, by means of daily comparison of the two or three chronometers 
kept on board, they kept the best possible account of the rate during the voyage. To 
facilitate comparisons in port a visual time signal was used. This was usually a large 
ball or shape hoisted in a conspicuous place ashore, and released at the instant of 
receipt of the telegraphic time signal. Visual time signals are still in use in some 


rts. 
United States time signals.—The Naval Observatory at Washington, D. C., 1s the 
origin of all Government time os broadcast in theUnited States and its possessions, 
excepting the sheared soy Islands. During the transmission of the time signal, the 
radio stations at Arlington and Annapolis are automatically controlled by wire from 
the Naval Observatory transmitting device. The San Frencisco signals are controlled 
by a similar device located at the Mare Island Navy Yard. That device is synchro- 
nized with the Washington signal by means of a stroboscopic dial and rotating motor 
coils. The time signals sent from Honolulu and Balboa, C. Z., are automatic rebroad- 
casts of the Washington signals. 

In the Philippine Islands, time signals are broadcast by the Manila Central 
Observatory through the naval radio station at Cavite (Los Banos), P. I. 

The transmission of signals begins at 55 minutes 0 seconds of some hour, and 
continues for 5 minutes. Signals are transmitted on every second during that time, 
except that there is no signal on the 29th second of any minute, nor on certain seconds 
at the ends of the minutes, as shown in the following diagram: 


56 57 58 59 


The dashes in the above diagram indicate seconds on which signals are trans- 
mitted. The seconds marked ‘‘60” are the zero seconds of the following minutes. 
All seconds from 0 to 50, inclusive, are transmitted except the 29th second, as explained 
above. The dash on the beginning of the hour (shown as 59 minutes 60 seconds 
above) is much longer than the others (1. e., 1.3 seconds). 

In all cases the beginnings of the dashes indicate the beginnings of the seconds, and 
the ends of the dashes are without significance. 

It will be noted that the number of dashes sounded in the group at the end of 
any minute indicates the number of minutes of the signal yet to be sent. 

Repetitions.—In case of the failure of a signal, it is repeated 1 hour later. 

Hack or comparing watch.—In order to avoid derangement, the chronometers 
should never be removed from the permanent box in which they are kept on shipboard. 
When it is desired to mark a certain instant of time, as for an astronomical observation 
or for obtaining the chronometer error by time signal, the time is marked by a “‘hack” 
(an inferior chronometer used for this purpose only), or by a comparing watch. 
Careful comparisons are taken—preferably both before and afterwards—and the 
chronometer time at the required instant 1s thus deduced. The following is the method 
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of making such a comparison. Chronometers beat in half seconds and the tick is 
readily heard. Noting the chronometer time, the navigator decides upon a chro- 
nometer time about a minute in advance at which to compare the watch with the 
chronometer. Select a time when the chronometer will read an even minute, or half 
minute, and then put this chronometer time down on paper. Listen to the beating 
to get the cadence. When the second hand is on 20 seconds begin to count with the 
ence of the chronometer, 20, half, 1, half, 2, half, 3, half, 4, half, and so on, then 

while counting in unison with the beating, shift the eyes to the second hand of the 
watch. At the count of ‘30’ the selected instant has arrived then put down the 
reading of the watch. With practice an observer can carry the count of the beat for 
an indefinite period without looking at the chronometer face providing the tick can 
be heard. An expert will be able to carry the count for a half minute or more during 
which time the tick has not been heard. | 

C—W.—tThe correction represented by the chronometer time minus the watch 
time (12 hours being added to the former when necessary to make the subtraction 
possible) is referred to as C—W. Most errors in this comparison are made by reading 
the minutes incorrectly. 

Suppose, for example, the chronometer and watch are compared and their indi- 
cations are as follows: 

Chro. t., 55 27™ 30° 
T.; 2 36 45.5 


C-—W, 2 50 44.5 
If then a sight is taken when the watch shows 3° 01™ 27°.5, then, 


W. T., 35 O1™ 279.5 
C—W, 2 50 44.5 


Chro.t., 5 52 12.0 


It may occur that the values of C—W, as obtained from comparisons before and 
after marking the desired time, will vary; in that case the value to be used will be 
the mean of the two, if the time marked is about midway between comparisons, but 
if i nearer to one comparison than the other, allowance should be made accord- 
i ‘Thus suppose, in the case previously given, a second comparison had been taken 
after the sight as follows: : 


Chro. t., 6" 12 45¢ 
T, 3 21 59.5 


C—W, 2 50 45.5 


The sight having been taken at about the middle of the interval, the C—W to 
be used would be the mean of the two, or 2° 50™ 45°.0. 
Assume that the second comparison showed the following: 


Chro. t., 6% 38™ 25° 
W.T., 3 47 39 


C—W, 2 50 46 


Then, the sight having been taken when only about one-third of the interval 
had elapsed between the rat and second comparisons, it would be assumed that 
only one-third of the total change in the C— W had occurred up to the time of sight, 
and the value to be used would be 2° 50™ 45°.0. 

It is considered good practice always to subtract watch time from chronometer 
time, whatever the relative values, and to employ C—W invariably as an additive 
correction. It is equally correct to take the other difference, W—C, and make it 
subtractive; it may sometimes occur that a few figures will thus be saved, but a 
chance for error arises from the possibility of inadvertently using the wrong sign, 
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apie is almost impossible by the other method. Thus, the following example may 
given: 


C 108 57= 38° W, 115 42m 35° 

comps 11 42 35 OC, 10 57 38 
C—W, 11 15 03 W—-C, 0 44 87 

W, 11 50 21 W, 11 50 21 
ae 11 15 083 #W—C, 0 44 87 

C, 11 05 24 8 C, 11 05 24 


Determining the rate.—It is not required that either the error or the rate shall 
be zero, but in order to be enabled to determine the correct time it is essential that both 
rate and error be known and that the rate shall have been uniform since its last 
determination. | . 

Since all chronometers are subject to some variation in rate under the changeable 
conditions existing on shipboard, 1t is desirable to ascertain a new rate as often as 
possible. The process of obtamune rate involves the determination of the error on 
two different occasions separated by an interval of time of such length as may be 
convenient; the change of error during this interval, divided by the number of dave 
it me perl rate. With radio signals available the chronometer rate should be 
chec y: 


Example.—On March 10, at noon, found chronometer No. 576 to be 0™ 32°.5 fast of G. C. T.; 
on March 20, at noon, the same chronometer was 0™ 48*.0 fast of G. C. T. What was the rate? 


Error, March 104 125, +0™ 32°. 5 
Error, March 204 125, +0 48.0 


Change in 10 days, + 15.5 
Daily rate, + 1°.65 
The chronometer is therefore gaining 1°.55 per day. 


Determining error from rate.—The error on any given ony being known, together 
with the daily rate, to find the error on any other day it is only necessary to multipl 
the rate by the number of days that may have elapsed and to apply the product with 
proper sign to the given error. 

Example-—On December 17 a chronometer is 3™ 27°.5 slow of G. C. T. and losing 0°.47 daily. 
What is the error on December 26? 


Daily rate, —0*.47 Error Dec. 17, —3™ 27°.5 
No. days, 9 Correction, - 4.2 


Corr., —4 .23 Error Dec. 26, —3 31 .7 


The chronometer is therefore slow of G. C. T. on December 26, 3 31°.7, or the chronometer 
correction is indicated as, — Corr. (slow) 3” $1°.7. 


Example.—January 1, 1937, the 10 p. m. (22%) radio signal was received from Arlington, the 
hack chronometer reading 35 25™ 12*, a comparison was then made with the ship’s chronometer 
reading 35 01™ 10°*.5 when hack read 35 30= 00°. On January 10, the noon radio signal from 
Arlington was received with hack reading 55 25™ 04*. A comparison was made with the and 
the ship’s chronometer, hack reading 55 30™ 10° and ship’s chronometer reading 55 01712*. Re- 
quired the rate of the hack and the ship’s chronometer. 


Signal Jan. 1 Comparison Jan. 1 
G. C. T. 3% 00™ 00* Hack 35 30™ 00* 
Hack 3 25 12 Corr. (fast) — 25 12 
Hack 25 12 (fast) G. C. T. 3 04 48.0 
Chron. 3 01 10.5 


Chron. 3 37.5 (slow) 
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Signal Jan. 10 Comparison Jan. 10 
G. C. T. 175 00 00¢ Hack 55 30™ 10¢ 
Hack 5 25 04 Corr. (fast) — 25 04 
Hack 25 04 (fast) G. C. T. 17 05 06 
Chron. 5 O01 12 
Chron. 3 54 (slow) 


Signal Jan. 10, G. C. T. 175 00™ 00¢ 
Signal Jan. 1,G.C.T. 3 00 00 


Diff. of time 14 00 00=84.583 


Hack fast 25™ 12s 


Jan. 1, chron. (slow) 3™@ 379.5 
Hack fast 25 04 


Jan. 10, chron. (slow) 3 54.0 


Chronometer losing 16 .6 Hack losing 08 
16.5* » ge 
Chron. rate= (—) 34.5897 (>) 1°.9 Hack rate= (—) 34.5837 (—) 0°.9 


Comparison of chronometers.—Two or more chronometers are usually carried 
aboard ship. They are compared with each other daily so that any change in the 
rate of the one being used as the Standard chronometer can be detected. The in- 
strument considered as the best is regarded as the Standard, and each of the others 
is compared to it. It is usual to designate the Standard as ‘“‘A,’”’ and the others as 
“B,” “C,” etc. The comparison between any two chronometers is made in the 
same manner as was described for the “hack” chronometer. 

The following form represents the method of recording comparisons used by 
the United States naval service: ; , 


Daily chronometer comparisons Memoranda of errors and rates 


Chro. C 2d 


1808 
2d, |with Stand-| Diff. SU NOicscsete 
: ard A 


B, No. 1500 | 


.| A, No. 77 oe 


Chro. B 
Ship | chro. |with Stand- 
ard A 


(Ce | eee fl eee | eee | ees | ens | ery | eee 


A 1-18-40 1-14-20 
17 | B&O | 1-19-21.6 1-18-00 REPELS SURAT ECSL OE 
___|__pie. 1-18.56] 1-0} | we 
A [1690 a OD Compared with 1900 Arlington time signal. 
13 | B&C | 1-16-10 1-18-41 19 $% fast | 11m19 fast | 11™ 14 fast 
__|_pig. 1-20 | +1.5 1-19| —1.0| V0). Vc ee eae 
A 1-15-90 1-15-30 Compared with 1900 Arlington time signal 
* | pac | 115-085 1-14-18 19™ Sy fast | 11™ 11°.5 fast | 11™ 19.0 fast 
Diff. 1-91.6 | +16 1-18 | —19,0 +1°,0 one —».0 


The second difference in the form is the difference between the comparisons of 
the same instruments for 2 successive days. When a vessel is equipped with only 
one chronometer there is nothing to indicate any irregularity that 1t may develop 
at sea—and even the best instruments may undergo changes from no apparent cause. 
When there are two chronometers, the second difference, which is equal to the algebraic 
difference between their daily rates, remains uniform as long as the rates remain 
uniform, but changes if one of the rates undergoes a change; in such a case, there is 
no means of knowing which chronometer has departed from its expected performance 
and the navigator must proceed with caution, giving due faith to the indications o 
each. If, however, there are three chronometers, an irregularity on the part of one 
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is at once located by a comparison of the second differences. Thus, if the predicted 
rates of the chronometers were such as to give for the second difference of A—B, + 
1°.5, and of A—C, —0*.5, suppose on a certain day those differences were +-4°.5 
and —0°.5, respectively; it would at once be suspected that the irregularity was in B, 
and that that chronometer had lost 3° on its normal rate during the preceding day. 
Suppose, however, the second differences were +4°.5 and +2°.5; it would then 
apparent that A had gained 3°. 


Example.—On January 22, 1937, at 10 p. m. (22) or (G. C. T. January 23, 3%), when the radio 
signal from Arlington was received, the hack chronometer read 35 06™ 45°. A few minutes later 
the hack chronometer was compared with the three chronometers of the ship A, No. 777; B, No. 
1509; and C, No. 1802, as follows: 


Chron. A, 3 37™ 10° Chron. B, 35 24™ 29 Chron. C, 35 28™ 10¢ 
Hack Chron.3 31 22 Hack 3 32 30 Hack 3 33 38 
Find error of chronometers on G. C. T. ° 
When the 10 p. m. (225) radio signal received from Arlington on January 12 (G. C. T. January 
18, 3), the three chronometers had errors as follows, Chron. A, 12™ 23¢ fast; Chron. B, 0™ 40° fast; 
Chron. C, 0™ 22° slow. Find rate of each chronometer. 


Arlington) Jan. 22, 22=G. C. T. Jan. 23, 3 00™ 00+ 
Hack chron. Jan. 23,3 06 45 


Hack 0 06 45 (fast) 


Comparisons 
Hack chron., 3b 31™ 228 Hack 36 32m 300 Hack 3b 33m 38s 
Chron., fast, — 6 45 (Fast) —- 6 45 (Fast) — 6 45 
G.c.T. 8 24 37 G.c.T. 8 25 45 Qa.c.T. 3 26 83 
Chron. A 8 37 10 Chron. B 3 24 29 Chron. C 3 23 10 
Jan. 23, Chron. A (fast) 12 33 Chron. B raat 1 16 Chron. C (fast) 1 17 
Jan. 13, Chron. A (fast) 12 23 Chron. B (fast) 0 40 Chron. C (slow) 0 22 
Chron. A (gains) af 10 Chron. B (loses) sides 1 86 Chron. C (gains) ss 1 30 
6 
Chron. A (rate) in” (+)1 Chron. B (rate) Joa (—)11°.6 Chron. C (rate) joa (+)%.9 


Care of chronometers on shipboard.—In the front of the chronometer record 
book, which is supplied with each chronometer, there is a complete set of rules for the 
care, winding, and transportation of the chronometer. The following is a brief sum- 


The box in which the chronometers are kept should have a permanent place as 
near as practicable to the center of motion of the ship, and where it will be free from 
excessive shocks and jars, such as those that arise from the engines or from the firing 
of heavy guns; the location should be one free from sudden and extreme changes of 
temperature, and as far removed as possible from masses of vertical iron. The box 
should contain a separate compartment for each chronometer, and each compartment 
should be lined with baize cloth padded with curled hair, for the double purpose of 
reducing shocks and equalizing the temperature within. An outer cover of baize cloth 
should be provided for the box, and this should be changed or dried out frequently in 
damp weather. The chronometers should all be placed with the XII mark in the same 

sition. 
si For transportation for short distances by hand, an instrument should be rigidly 
clamped in its gimbals, for if left free to swing, its performance may be deranged by 
the violent oscillations that are imparted to it. 

For transportation for a considerable distance, as by express, the chronometer 
eG be allowed to run down, and should then be dismounted and the balance 
corked. 

The chronometer should never be removed from its case, nor from the place of its 
usual stowage, except in case of unusual necessity. The chronometer should never be 
“‘set’”’ on board. 

Winding.—Chronometers are ordinarily constructed to run for 56 hours without 
rewinding, and an indicator on the face shows how many hours have elapsed since the 
last winding. To insure a uniform rate, they must be wound regularly every day, and, 
to avoid the sericus consequences of their running down, the navigator should take 
some means to guard against neglecting this duty through a fault of memory. To wind, 
turn the chronometer gently on its side, enter the key in its hole and push it home. 
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Steady the instrument with the hand and wind to the left, the last half turn bei 
made so as to bring up gently against the stop. After winding, cover the keyhole an 
return the instrument to its natural position. Chronometers should be wound in the 
same order to prevent omissions, and the precaution taken to inspect the indicators, as 
a further assurance of the proper performance of the operation. 

After winding each day, the comparisons should be made, and, with the i 
of the maximum-and-minimum thermometer and other necessary data, recorded in 
a book kept for the purpose. — 

The maximum-and-minimum thermometer is one so arranged that its highest 
and lowest readings are’ marked by small steel indices that remain in place until 
reset. Eyery chronometer box should be provided with such an instrument, as a 
knowledge of the temperature to which chronometers have been subjected is essential 
in any analysis of the rate. To draw down the indices for the p se of resetting, 
a@ magnet is used. This magnet should be kept at all times at a distance from the 
chronometers. 

Temperature curves.— Notwithstanding the care taken to eliminate the effect of 
a change of temperature upon the rate of a chronometer, it is rare that an absolutely 
perfect compensation is attained, and it may be assumed that the rates of all chroftom- 
eters vary somewhat with the temperature. Where the voyage of a vessel is a long 
one and marked changes of climate are encountered, the accumulated error from the 
use of an incorrect rate may be very material, amounting to several minutes difference 
oflongitude. Careful navigators will take every means to guard against such an error. 
By the rb en liaaa of a temperature curve in connection with the chronometer rate the 
most satis aor results are obtained. 

There should be furnished with each chronometer a statement showing its daily 
rate under various conditions of temperature; and this may be supplemented by the 
observations of the navigator during the time that the chronometer remains on board 
ship. With all available data a temperature curve should be constructed which will 
indicate graphically the performance of the instrument. It is most convenient to 
employ for this purpoge a piece of “‘profile paper,” on which parallel lines are ruled at 
equal intervals at mght angles te each other. Let eaclf horizontal line represent, say, 
a, degree of temperature, numbered at the left edge, from the bottom up; draw a verti- 
cal line in red ink to represent the zero rate, and fet all rates to the night be plus, or 
gaining, and those to the left minus, or losing; let the intervals between vertical lines 
represent intervals of rate (as one-tenth of a second) numbered at the top from the 
zero rate; then on this scale plot the rate corresponding to each temperature; when 
there are several observations covering one height of the thermometer, the mean ma 
be used. Through all the plotted points draw a fair curve, and the intersection of this 
curve with each temperature line gives the mean rate at that temperature. The 
mean temperature given by the maximum and minimum thermometer shows the rate 
to be used on any day. 


CHAPTER IX 
TIME AND THE NAUTICAL. ALMANAC 


Time and the Nautical Almanac are two very important subjects to be mastered in 
the study of nautical astronomy, as they enter into every operation for the astronomi- 
cal determination of a ship’s position. They will be treated in conjunction, as the 
two are interdependent. : 


METHODS OF RECKONING TIME 


The instant at which any point of the celestial sphere is on the meridian of an 
observer is the time of transit, culmination, or meridian passage of that point; when 
the passage is over that half of the meridian which contains the zenith, it is designated 
as upper transit; when over the half containing the nadir, as lower transit. 

Three different kinds of time are employed in astronomy—(a) apparent or solar 
time, (b) mean time, and (c) sidereal time. These depend upon the hour angle 
of the points to which they respectively refer. The point of reference for apparent 
or solar time is the center of the sun; for mean time, an imaginary point called the 
mean sun; and for sidereal time, the vernal equinox, also called the first point of Aries. 

The unit of time is the day, which is the period between two successive transits 
over the same branch of the meridian of the point of reference. The day is divided 
into 24 equal parts, called hours; and each hour is divided into 60 equal parts, called 
minutes; and each minute into 60 equal parts, called seconds. 

Apparent or solar time.—The hour angle of the center of the sun affords a measure 
of apparent or solar time. An apparent solar day at any place is the interval of time 
between two successive lower transits of the center of the sun over the meridian of that 

lace, and the time of day is the hour angle of the center of the sun plus 12 hours. 

e apparent solar day is the most natural and direct measure of time, and is the unit 

of time adopted by the navigator at sea. Apparent noon is the instant at which the 

center of the sun is on the observer’s meridian, and, is the time when the latitude can 
be most readily determined. 

Since, the intervals between the successive returns of the sun to the same meridian 
are not equal, apparent time can not be taken as a standard to which clocks and chro- 
nometers may be regulated. The apparent day varies in length from two causes: 
first, the sun does not move in the equinoctial, the great circle whose plane is per- 
pendicular to the axis of rotation of the earth, but in the ecliptic; and, secondly, the 
sun’s motion in the ecliptic is not uniform. Sometimes the sun describes an arc of 
57’ of the ecliptic, and sometimes an arc of 61’ in aday. At the points where the 
ecliptic and equinoctial intersect, the direction of the sun’s apparent motion is inclined 
at an angle of 23°27 ’ to the eauinoctial, while at the solstices the motion is in a direc- 
tion parallel to the equinoctial. 

Mean time.—To avoid the irregularity of time caused by the lack of uniformity 
in the sun’s motion, a fictitious sun, called. the mean sun, is assumed to move in the 
equinoctial with a uniform eastward velocity that equals the mean velocity of the true 
sun in the ecliptic. | 

Mean time is measured by the hour angle of the center of the mean sun. A 
mean solar day at any place is the interval of time between two successive lower 
transits of the mean sun over the meridian of that place, and coincides with the 
civil day of the same date. | | 

Mean time lapses uniformly; at certain times it agrees with apparent time, 
while sometimes it is behind, and at other times in advance of it, to the extent of 
about 16 minutes. It is this time that is measured by watches and clocks in ordinary 
use, and to this the chronometers used by navigators are regulated. 
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Mean time can not be determined by direct observation, but may be found 
indirectly by correcting observations of the sun for the equation of time, or by con- 
verting to mean time, sidereal time determined by observations of stars. 

Equation of time.—The difference between apparent and mean time is called the 
equation of time. By this quantity, the conversion from one to the other of these 
times may be made. Its magnitude and the direction of its application may be found 
for any moment from the Nautical Almanac. It is zero about December 24, April 15, 
June 14, and September 1. 

Sidereal time.—This is the hour angle of the first point of Aries. This point, 
which is identical with the vernal equinox, is the origin of all measurements of right 
ascension of the celestial bodies. Since the position of the point is fixed in the celestial 
sphere and does not, like the sun, moon, and planets, have actual or apparent motion 

erein, it shares in this respect the properties of the fixed stars. It may be said 
that intervals of sidereal time are those which are measured by the stars, 

Sidereal time is reckoned on the equator from the meridian, westward around the 
entire circle from 0° to 24°. It is equal to the night ascension of the meridian. When 
a celestial pee is on the meridian, its right ascension is equal to the sidereal time. 

A sidereal day at any pe is the interval of time between two successive upper 
transits of the first point of Aries across the meridian of that place. Sidereal noon 
is the instant at which the hour circle of the first point of Aries coincides with the 
meridian. In order to interconvert sidereal and mean times an element is tabulated 
in the Nautica] Almanac. This is the sidereal time of O° civil time at Greenwich, 
which is also the right ascension of the mean sun increased by 12 hours. 

The civil day commences at midnight and comprises the 24 hours until the 
following midnight. The hours run in 8 continuous series from 0 to 24; but as ordinar- 
ily used in civil life, the hours are counted from 0 to 12 in two series, the first running 
from midnight to noon, and the second from noon to midnight, thus dividing the 
day into two periods of 12 hours each in which the hours are respectively marked 
&. m. (ante meridian) and p. m. (post meridian). In navigation, however, the hours 
are marked 0 to 24. 

The astronomical day begins at midnight on the civil day of the same date. 
It is exactly the same as the civil day, but the hours are marked continuously from 
O° to 24. There is no a. m. or p. m. marking. The astronomical day is employed 
in tabulating the data given in the American Nautical Almanac. 

Hour angle.—The hour angle of a celestial body is the angle at the pole between 
the hour circle of the celestial body and the celestial meridian of the observer. It is 
measured by the arc of the celestial equator between the hour circle and that half of 
the celestial meridian which passes through the zenith and extends from pole to pole, 
and is reckoned positively toward the west throughout the entire 24 hours, although, 
for bodies east of the meridian, it is often measured toward the east, as local hour 
angle 97° E. (See definition for G. H. A. on page 114.) 


In i ek 57 let P be the pole of the celestial sphere, of which VMQ is the equa- 
tor, PQ the cel f 2 : 


ah estial sdecor oe ee : nee oo the ae nee 

of the mean sun, a celesti y, and the first point of Aries, West 

respectively. 27a 
Then QPM, or its arc QM, is the hour angle of the mean M s 

sun; QPS, or QS, the hour angle of the celestial body; QPV, 3 

or QV, the hour ane of the first point of Aries, orthesider- 5 . 

eal time; VPQ, or VQ, the right ascension of the meridian; C 

VPS, or VS, the right ascension of the celestial body; and N 

VPM, or VM, the mght ascension of the mean sun. _ S 
Units of angular measure—Arc and time.—In naviga- : 


tion so far we have used the degrees of arc as a unit of angu- 
lar measure. Latitude and longitude are usually expressed 7 
in terms of arc. Hour angle, right ascension, and time of day, however, are usually 
expressed in terms of time. The relation between the two systems of units is based 
on the fact that the sun makes one complete apparent revolution of the 360° of 
longitude of the earth in 24 hours. Therefore, 1 hour equals 15°. 


FIGURE 57. 
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Time is subdivided: 1 hour equals 60 minutes, 1 minute equals 60 seconds; 
and is designated as® ™ °. 

Arc is similarly subdivided: 1 degree equals 60 minutes, 1 minute equals 60 
seconds, and is designated as° ’ ’’. 

Therefore, the ratio of 1 to 15 is maintained in referring time to arc, i. e., 1"=15°, 
17=15', 1° =15"". 

However, 1"=60"=15°; therefore 1°=4™ and likewise 1’=—4'; thus, the ratio of 
1 to 4 is maintained in referring arc to time. 

Conversion of arc to time.—(1) Divide the given number of degrees by 15 to 
obtain the corresponding number of hours; multiply the remaining degrees by 4 
and denote the product as minutes. (2) When minutes and seconds of arc are in- 
volved continue the process by dividing the minutes of arc by 15 and acing the 
auoaant to the product obtained in (1) to obtain the total minutes of time; multiply 

e remainder by 4 and denote the product as seconds of time. (3) Divide the 
seconds of arc by 15 extending the division to decimals desired, and add the quotient 
to the product in (2) to obtain the total seconds of time. 


Ezample.—Convert 65° 21’ 27” to units of time. 


oo an 4h and 5° remainder; 45° 20, or 65° =45 20" 


21’ 


1577 ™ and 6’ remainder; 4X6’ 24*, or 21’ = 1™ 246 
aT 148 or 27’7 = 1°.8 
Answer 4> 21= 25*.8 


Conversion of time to arc.—(1) Multiply the given number of hours by 15 to 

obtain the copes number of degrees of arc; ©) divide the minutes of time by 

4, add the quotient to the product in (1) to obtain the total d of arc, gee 

the remainder by 15 and denote the product as minutes of arc; (3) divide the secon 

by 4, add the quotient to the product in (2) to obtain the total minutes of arc, multiply 
e remainder by 15 to obtain the seconds of arc. 


Ezxample.—Convert 4°18"19* to units of arc. 


45x 15=60° 60° 

| HP 24° and 2 rethainder; 2>X15=30' 4° 30’ 
19° o ° ve a iz 4 
a4 and 3° remainder; 3*X 15=45 4’ 45 


Answer 64° 34’ 45’’ 

Ezample.—Convert arc to time or time to arc. 

46° 24’ 32”’ equals 35 05™ 38* .13 
139° 03’ 18’ equals 95 16" 13* .2 
204° 47’ 57” equals 135 39™ 11° .8 

With a little practice the entire process of conversion can be made sree 
However, Table 34 or 42 gives the corresponding values of arc and time and should 
normally be used for all problems of conversion in order to avoid errors. 

Greenwich civil time.—Since the hour angle of the mean sun at a given instant 
for two places not on the same meridian is different, the local civil times at these 
places will also be different. It is therefore necessary to have a standard meridian 
to which the local civil times can be referred, hence the meridian of Greenwich is 
chosen to be the standard meridian. 

Greenwich hour angle.—There is recorded in the Nautical Almanac the Greenwich 
hour angle (G. H. A.) of the sun, moon, stars, and planets, which may be found directly 
for any given G. C. T. by means of interpolation, without recourse to the equation 
of time, or the position of the vernal equinox. (See G. H. A., page 114.) 

Time at different meridians..-The hour angle of the true sun at any meridian 
when increased by 12 hours is the local apparent time; that of the mean sun, when 
increased by 12 hours. the local civil time; that of the first point of Aries, the local 
sidereal time. The similarly treated hour angles of the saine bodies and point from 


TIME AND THE NAUTICAL ALMANAC 139 


Greenwich are,.respectively, the Greenwich apparent time, Greenwich civil time, and 
Greenwich sidereal time. The difference between the solar or sidereal time at an 
meridian and that of Greenwich is equal to the longitude of that place from Greenwic 
expressed in time; the conversion from time to arc may be effected by a simple mathe- 
matical calculation or by the use of Table 42. 

Greenwich time, which at any fixed observatory is obtained by applying the 
longitude to the local time, on board ship 1s usually taken from the chronometer set 
td the Greenwich civil time. 

In comparing corresponding times of different meridians the most easterly 
meridian may be distinguished as that at which the time is greatest or latest. 

In figure 58 PM and PM’ represent the celestial meridians of two places, PS 
the hour circle through the sun, and PG the Greenwich meridian; let Tg=the 
Greenwich time=GPS-+ 12°; 

T= the corresponding local time at all places on the meridian PM=MPS+123; 
si Tu’ =the corresponding local time at all places on the meridian PM’=M’PS 

2; 3 

Lo=west longitude of meridian PM=GPM; and 

Lo’=east longitude of meridian PM’ =(GPM’, | 

If west longitudes and hour angles be reckoned as positive, and east longitudes 
and hour angles as negative, we have: 


Lo’ = To— Ty’; therefore 
Lo—Lo’=Tw’— Tx. 
Thus it may be seen that the difference of longitude between two places equals 
the difference of their local times. This relation may be 


shown to hold for any two meridians whatsoever. wa Ht 
Both local and Greenwich times in the above formulas MG 
must be reckoned westward, always from their respective §S M’ 


meridians and from 0° to 24". 

The formula Lo=Tg— Tw is true for any kind of time, 
solar or sidereal; or, in general terms, Tg and Ty are the hour 
ae of any pont of the sphere at the two meridians whose 

ifference of longitude is Lo. S may be the sun (true or 
mean) or the vernal equinox. 

Finding Greenwich time and date.— The solution of nearly 
every problem in celestial navigation requires reference to data 
contained in the American Nautical Almanac. This data is 
tabulated for various celestial bodies in such a way that it may be found for any 
instant of Greenwich civil time. It becomes essential, therefore, that the navigator 
eerie thoroughly familiar with the method of finding the Greenwich civil time 
and date. 

The first operation necessary is to deduce from 2 knowledge of the approximate 
local civil time and longitude, the Corea One ne Greenwich ore and approximate 
time expressed in hours, from 0 to 24. This is essential since a chronometer dial is 
usually marked from 0 to 12 hours, and may, therefore, be 12 hours in error on the 
astronomical time used in the almanac. Ifthe Ee Greenwich civil time shows 
it to be afternoon in Greenwich, 12 hours must be added to the chronometer reading. 

From the formula Tg=Ts+Lo, and remembering that west longitudes are 
ae and east longitudes are negative, we havo the following rule for converting 


ocal to Greenwich time: 


Pp 
Fiaure 58. 


To local civil time, add longitude if west, subtract if east, the result being 
the corresponding Greenwich civil time. 
The result of any conversion is readily checked by remembering the following 
rhyme: 
Longitude west, Greenwich time best, 
Longitude east, Greenwich time least. 
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The following four examples illustrate the four possible cases in which the Green- 
wich date may be: the same as the local date, 1 day later, or, 1 day earlier; and also 
indicate when it becomes necessary to add 12 hours to the chronometer reading. 

1. Longitude 90° W., L. C. T. about 10:30 a. m., April 15, chronometer reads 45 27™, 

Approx. L. C. T. 154 105 30™ Chron. 45 27= 
Longitude west (+) 6 00 Add 12 2 
Approx. G. C. T. 15 16 30 G. C. T. 16 27 April 15. 


Same date but add 125 to chronometer. 
2. Longitude 90° E., L. C. T. about 2 p. m., August 5, chronometer reads 85 02”, 


Approx. L. C. T. 54 145 00@ (converting p. m.) Chron. 85 02= 
Long. east (—) 6 00 G.C.T. 8 02: August 5. 
Approx.G.C.T.5 8 00 


Same date and chronometer face is correct. 
3. Longitude 90° W., L. C. T. about 10:30 p.m April 15, chronometer reads 45 29=, 


Approx. L. C. T. 154 225 30™ (converting p. m.) Chron. 45 29= 
Long. west (+) 6 00 G.C.T. 4 29 April 16. 
; Approx. G.C. T. 16 4 30 


One day later and chronometer face is correct. | 
4. Longitude 90° E., L. C. T. about 4:30 a. m., August 5., chronometer reads 10* 34™, 


‘ 


Approx. L. C. T. 54 45 30= Chron. 105 34™ 
Long. east (—) 6 00 Add 12 
Approx. G. C. T. 4 22 30 G. C. T. 22 34 August 4. 


One day earlier and add 12 to chronometer. 


In practice the navigator always knows his approximate local civil time and 
longitude. To record the instant of his observation he will use a watch, or a hack 
chronometer, which he can compare with the ship’s chronometer before or after the 
observation to obtain a C-W. From the chronometer record book he will obtain 
the error of the chronometer on Greenwich civil time for that date, then proceed to 
find the exact Greenwich civil time corresponding to the watch time of his observation 
as in the following example. 

Ezample.—About 34 25™ p- m., March 21, local civil time, a ship’s D. R. longitude was 60° 
30’ W. when the navigator took a sight of the sun using a watch which had been compared with the 
chronometer. Watch time of sight was 35 27™ 30%, C-W was 45 05™ 56%, chronometer was slow 
2= 14* on Greenwich Time. Find the Greenwich date and civil time. 

Approximate civil time 214 15> 25™ 
Longitude west (+) 4 02 


Approximate G.C.T 21 19 27 ae) 125 to chronometer read- 
in 


To find exact G. C. T.: 
W 3h 27> 305 
C-W 4 05 56 


Chron. 7 33 26 
Corr. (slow) + 2 14 


Chron. 7 35 40 (Add 124) 
Greenwich civil time 19 35 40 March 21. 

Standard time.—This is the local civil time of meridians, known as standard 
meridians, located 15° of longitude apart commencing with the meridian of Greenwich — 
as the initial meridian. The time of a standard meridian is used for the convenience 
of railways and in the affairs of everyday life in a locality extending as nearly as prac- 
ticable 735° each side of the standard meridian. The system of standard time zones 
has been extended over the oceanic areas, and the keeping of standard time at sea has 
been instituted in most navies of the world. 

Time zone chart.—The surface of the globe is conceived to be divided into 24 
zones, each bounded by meridians 15° of arc or one hour of time apart in longitude. 
The initial] zone is the one which has the meridian of Greenwich running through the 
middle of it, and the meridians 7},° east of Greenwich and 7%° west of Greenwich, 


Time zone chart of the world. 


H. O. Chart 5192. 


iy | 


ery tL 


_ |. 


T7 
00 


N 
: 
| 


40 


% 
k 
Lf 


1 


160 


io 


Digitized wv Google 


wiatised by Google 


TIME AND THE NAUTICAL ALMANAC 141 


marking its eastern and western limits. Itis called the ‘‘zero zone’’ because the differ- 
ence between the standard time of this zone and Greenwich civil time is zero. And 
each of the zones in turn is designated by a number representing the number of hours 
by which the standard time of the zone differs from Greenwich civil time. 

The zones lying in east longitude from the zero zone are numbered in sequence 
from 1 to 12, and are called minus zones, because, in each of them, the zone number 
must be subtracted from the standard time in order to obtain the Greenwich civil 
time. The zones lying in west longitude from the zero zone are numbered in sequence 
from 1 to 12, and are called plus zones, because, in each of these zones, the zone 
number must be added to the standard time in order to obtain the Greenwich civil 
time. The time kept in any zone is the standard time of its central meridian. 

The twelfth zone is divided medially by the 180° meridian (the line separating 
the meridians of east longitude from the meridians of west longitude), and the terms 
‘minus’ and “plus” are used in the halves of this zone which lie in the east longitude 
and west longitude, respectively. 

Zone time is the time of the zone in which the ship happens to be and is reckoned 
from 0° to 24". If the ship is in longitude 49°45’ E., the zone in which it is situated 
lies between longitude 37°30’ E. and 52°30’ E., or zone —3. 

The number of a zone prefixed by the plus sign, thus (+), or by the minus sign, 
thus (—), constitutes the ‘‘zone description’’ of the time of that zone, abbreviated as 
Z. D.; thus Lon. 99°25’ E. is —7; Lon. 128°05’ W. is +9; Lon. 173°45’ E. is —12. 

In the vicinity of the land, the boundaries between zones are modified so as to 
be in accord with the boundaries of the countries or a using eae pondine 
times, as shown in the Hydrographic Office Chart of the Time Zones of the Worl 
(H. O. Chart No. 5192). 

The ship’s time of vessels of the United States Navy at sea is kept by observing 
the following rules: 

(1) Instead of adjusting the ship’s time to apparent time at noon each day, the 
clock is adjusted to the standard time of the successive zones as they are entered, 
although the instant at which the alteration is made need not necessarily be that 
at which the vessel passes from one zone to another; the change of time will invariably 
be 1 hour, the minutes and seconds remaining unaffected, with the exception of the 
cases covered by rule 5. 

(2) The ‘‘zone description” (Z. D.) of the time that is being kept is marked in a 
conspicuous inanner on such of the ship’s clocks as may be designated by the com- 
manding officer. 

(3) All entries of time in the ship’s log books and records are accompanied by 
the ‘‘zone description’”’ of the time being kept. 

(4) In all official correspondence, when the time is referred to, the “zone descrip- 
tion”’ is added. 

(5) When a vessel is in a harbor or within the territorial limits of a country 
where the legal time differs from the standard time zone system, the exact amount 
in hours, minutes, and seconds which it differs from Greenwich civil time is given 
with its appropriate sign of plus (+) or minus (—). ) 

In observing the foregoing rules regarding recording of “zone description” it 
should be borne in mind that the “‘zone description’’ is the correction that must be 
applied to the ship’s time to obtain the corresponding Greenwich civil time. 

The use of the 24-hour day, with the time expressed as a four figure group, the 
first two figures denoting the hour and the second two figures denoting the minutes, 
is authorized for the naval service in correspondence as well as dispatches, using the 
civil day commencing at midnight, expressed as 0000. 

Ezample.—The navigator of a vessel steaming in longitude 62° E. desires a comparison of the 
watch with the chronometer to find the error of the watch on G. C. T. and also on the zone time. 


Watch reading 75 337 12* (approximately zone time); chronometer reading 35 35™ 10°; chronom- 
eter error 1™ 20° fast. 


Chron. 35 35™ 108 G. C. T. 35 33™ 50° 

Corr. fast. (—) 1 20 Long. 62° E. (Z. D.—4)+ 4 (sign rev.) 
G. C. T 3 33 50 Zone time 7 33 50° 

Watch 7 33 12 Watch time ; 7 33 «#12 

Watch fast 3 59 22 onG.C.T. Watch slow 38 on zone time. 


541524°—45 10 
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The central meridian of any zone is converted into time, and this is used to find 
the G. C. T. regardless of what the longitude may be within the limits of the zone. 
The L. C. T. of a zone cannot differ more than 30™ from zone time. 


Example.—In longitude 62° E., the navigator makes an observation of the sun at W. T. 
75 35™ 10*; watch slow 38* on zone time. Find G. C. T.; Zone time, and L. C. T., of observation. 
Watch is 35 59™ 22* fast on G. C. T. 


Watch 75 35™ 10° Watch 75 35™ 10¢ G. C. T. 35 35™ 48° 
Fast on G.C. T. 3 59 22 Error (slow) + 38 Long. 62° E., 4 08 00 
G. C. T. 3 35 48 Zone time 7 35 48 L. C. T. 7 43 48 
Z. D. —4 
G. C. T. 3 35 48 


Day and date at 180° meridian.— When ss the 180° meridian in steaming 
westward, add 1 day to the date, if steaming eastward, subtract 1 day, at thesame time 
changing the name of the longitude. 


_ Example.—A vessel in west longitude steaming westward and approaching the 180° meridian, 
keeps local civil time which is about 125 slow of G. C. T. at the same instant of time; now suppose 
at 4 p. m. (or 16) on December 7, the vessel is in 179°50’ W., but at 5 p. m. (17+) the vessel arrives 
in 179°50’ E. It is required to find the date at the last position. 


L. C. T. Dec. 7 165 00™ 00* 
Long. west (+), 11 59 20 


G. C. T., Dec. 8 3 59 20 
15 later 1 00 00 


G. C. T., Dec. 8 4 59 20 
Long. east (—), +11 59 20 (rev. sign.) 


L. C. T., Dec. 8 16 58 40 
This date at about 5 ». m. goes ahead 1 day. 


Suppose the vessel is in 179°50’ E., at 9 a. m., July 4, but at 10 a. m. is in longitude 179°50’ 
W.; required the date at the last position. 


L. C. T., July 4 9» 0O0™= 00* 
Long. east (—), 11 59 20 


G. C. T., July 3 21 OO 40 
14 later 1 00 00 


G.C.T., July3 22 00 40 
Long. west (+) -—11 59 20 (rev. sign.) 


L. C. T., July 3 10 Q1 20 
This date now goes back a day at 10 a. m. 


THE NAUTICAL ALMANAC 


The American Ephemeris and Nautical Almanac is the complete astronomical 
work issued for the use of astronomers, by the Naval Observatory. It is also used 
by surveying parties and observatories where the most precise values are required. 
It is divided mto seven parts as follows: Part I. Ephemerides of the Sun, Moon, and 
Planets for the Meridian of Greenwich. Part II. Ephemerides of the Fixed Stars. 
Part III. Eclipses and Occultations. Part IV. Physical Ephemerides of Sun, Moon, 
and Planets. Part V. The Satellites of the Planets. Part VI. Ten Miscellaneous 
Tables Such as Sunrise and Sunset, Conversion of Sidereal to Mean Time and 
Vice Versa, Azimuth of Polaris, etc. Part VII. Ephemerides of the Sun, Moon, and 
Planets for the Meridian of Washington. A study of the practical use of the tables 
for all precise observations should be made from explanations given in that work. 

The American Nautical Almanac is a smaller abridged book of values taken from | 
the above Ephemeris and Nautica] Almanac and is designed especially for the use of 
navigators.! All values are referred to Greenwich civil time and date. Quantities 


1 For description of Air Almanac used by aviators, see page 203. 
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are given to a degree of accuracy comparable with that attainable in sextant observa- 
tions, usually to 0’.1 of arc, or to 1° of time. It contains for the sun, sidereal time 
of 0° civil time at Greenwich (R. A. M. 8.+12"), equation of time, declination, 
and Greenwich hour angle, with means for readily interpolating for any G. C. T. 
of the proper date. | 

It contains for the moon, the right ascension, declination, and Greenwich hour angle, 
together with the phases and time of transit of Greenwich meridian. It contains 
for the stars, the mght ascension, declination, and Greenwich hour angle, with inter- 
polation tables for utilizing the Greenwich civil time of any day; and there is also 
given the same data for the planets Venus, Mars, Saturn, and Jupiter. 

It contains information on eclipses of sun and moon with accompanying charts 
and also phenomena of planetary configurations. 

There are also several miscellaneous tables, such as sunrise, sunset, and twilight 
tables, moonrise and moonset tables; time of culmination and elongation of Polaris; 
Greenwich hour angle of Polaris; latitude by Polaris; azimuth of Polaris; sidereal to 
mean time; mean time to sidereal; table of proportional parts; conversion of arc and 
time; corrections to observed altitude of sun, stars and moon, and bubble sextant 
corrections of sun, stars, and moon. 

To find from the Nautical Almanac a required element for any given time and place, 
it is first necessary to convert the local civil time to Greenwich civil time (G. C. T.) and 
date. Then take from the almanac, for the nearest given preceding instant, the 
required quantity, together with its corresponding ‘‘hourly”’ or “‘2-hourly difference,”’ 
noting the name or sign in each case. Multiply the “hourly difference” by the num- 
ber of hours and fraction of an hour, corresponding to the interval between the time 
for which the quantity is given in the almanac and the time for which required; apply 
the correction thus obtained, having regard to its sign. The correction may also be 
taken from the table of proportional parts in the almanac. 

A modification of this rule may be adopted if the time for which the quantity 
is desired falls considerably nearer a subsequent time given in the almanac than it 
does to one preceding; in this case the interpolation may be made backward, the 
sign of application of the correction being reversed. 


Example.—At a place in Long. 81° 15’ W., April 17, 1937, find the sun’s declination and the 
equation of time at apparent noon. 


Long.=81° 15’ W.=55 25™ G. A. T.=174 175 25™=174 175.42, 
G. A. T., 174, 175 25™ 00¢ Eq. t., 174 164, O= 23°.7 H. D.,+0*.6 
Eq. t., — 24. 6 Corr., + 9 Int. 14.42 
G. C. T., 174, 17 24 35.4 Eq. t., 174 17% 25", 0 24.6 Corr., +0*.852 
= 175,41 (Add to MEAN time.) 

Dec., 174 164, 10° 29.2 N. H.D., | 0’ .9 

Corr., + 1.3 G.C. T.Int., 14.41 

Dec., 174 175 24™.6 10 30.5 .N. Corr., +1’.269 


Ezample.—At a place in long. 81° 15’ E., April 17, 1937, find the sun’s declination and the 
equation of time at apparent noon. 


Long.=81° 15’ E.=54 25m G. A. T.=174 65 35™=174 65.58 
G. A. T., 174 = 6 35™ 00* Eq. t., 174 65 O= 17*.9 H. D., 0*.6 
Ea. t., _ 0 18.2 Corr., + 0.3 Int. 04.58 
G. C. T.,174 6 34 41.8 Eq. t., 174 65 357, O 18.2 Corr. +0°.348 
= 65.58 (Add to MEAN time.) 
Dec., 174 65 10° 20’.4N. H. D., +0’ .9 
IT., + 5 G. C. T. Int. 04.58 
Dec., 174 65 34.72 10° 20’.9 N. Corr., +0’ .522 


Example.—April 15, 1937, at 115 55™ 30° a. m., local civil time, in longitude 81° 15’ W., required 
the declination, the equation of time, local hour angle, of the sun, and the right ascension, declina- 
tion, G. H. A., and semidiameter of the moon and Jupiter. 


Local civil time, 154 115 55™ 30* 
Longitude, +5 25 00 


15 17 20 30 
Greenwich civil time, 1154 175 20™.5 
15¢ 174. 34 
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For the Sun 
Dec., 154168 9° 46’.7 N. G. H. A. 154 166, 59° 58’.8 Eq. t., 154 168 Om 049.9 
Corr., + 1.2 Corr. 15 20= 30°, 20 07.5 Corr., - 0.8 
Dec., 9 47.9 N. G.H.A., 80 06.3 W. Eq. t., 0 04.1 
H. D. + 0'9 Long., 81 15.0 W. H. D., o.6 
G. C.F. Int., 15.34 ae G. C.'T. Int. 15,34 
—__— L. H.A., 1 08 .7E. 
Corr., ad 1°.206 or, 358 61 3 W. Corr., isi 0°.804 
; (SUBTRACT from MEAN time.) 
For the Moon 
R. A., 154178, 5h 49m 399 G. H. A. 184175, 11° 017.5 Dec., 154 176, 22° 25’.1 N. 8.D. 16.2 
Corr., 20™.5 53 .3 Cerr., 20™.5 4 «55.0 Corr., 20™.5 0’.6 H. P. 89 .5 
R.A., 56 8 31.3 G.H.A., 158 56.5 W. Dec., 22° 24’.6N. 
Long., 81 15.0 W. 
L. H. A., 65 18.5 E. 
or, 204 41.5 W. 
For Jupiter 
R. A. 154 19 51™ 352 Dee. 154, 21° 05°38. G.H.A.154, 264° 50.2 Var. per min., 15’.0372 
Corr. 174.34, + 16.6 Corr. 175.34, _ 0.7 Corr. 175 20@.5, 260 46.1 Corr. 174, 255° 37’.9 
ee ey eee Corr. 20™.5, & 08.2 
R.A., 19 51 51.6 Dec, 21 04.68. 525 36.3 W. 
Sora EEE oe (Subtract), 360° Corr ® 260 46.1 
Tab. VII, for diff., 23 Tab. VII, for diff., 0 .9 
12 (230), 119.5 12> (90), 455 G.HAA,, 165 36.3 W. 
55 20%, 5.1 5b 20m, 20  Long., 81 15.0 W. 
Corr. 17+ 202, 16 .6 Corr. 174 202, 65 L.A. 84 21.3 W. 
The G. H. A. may be found as follows: 
G. C. T., 17» 20™ 30s 
R. A. M. 8.4125, 13 30 56 .0 
Corr. G. C. T., 2 50 .9 (Tab. 39) 
G. 8. T., 30 54 16 .9 
R. A. Jupiter, 19 51 51 .6 
G. H. A., 11 02 25 .3 W. 
Arc, 165° 36’ 19’’. W. 


Example.—January 15, 1937, in long. 122° 10’ E.; local civil time 18 56™ 10; find the right 
ascension, declination, and local hour angle of the star Aldebaran: 


Le. T 18> 56™ 10° G.H.A.Jan.15, 45° 56’.4 Corr. 105 47= 162° 11’.6 
Long. E., 8 08 40 Corr. 105 47™ 304, 162 19.1 Corr. 305, 7.6 
G. C. T., 10 47 30 G. H. A., 208 15.5 W. Corr. 105 47™ 30* 162 19.1 
Long., 122 10 .0E. 
L. H. A,, 330 25 .5 W. 
Jan. 15, R.A., 45327 209.6 Or 29 34.5E. 


Jan. 15, Dec., 16° 23’.1 N. 


Transit of star, planet or moon—For a star, the Nautical Almanac tabulates the 
G. C. T. of transit at Greenwich of the bright stars used in navigation. This time 
is given to the nearest minuté and for the first day of each month. A correction 
table for any other date is also given. Having found the G. C. T. of Greenwich for 
the required date, the L. C. T. of local transit for that date may be found by applying 
& correction to the local longitude. It is to be added for east longitude and sub- 
tracted for west longitude. Having found the L. C. T. of local transit, apply the 
longitude in time to obtain the G. C. T. of local transit. 


Ezxample.—On April 10, 1937 in long. 74° 30’ W. find G. C. T. of local transit of Sirius. 


| Star Sirius 
Approx. G. C. T. of Gr. transit Apr. 1 18 04™ 00¢ 
Corr. for Apr. 10, — 0 35 00 
Approx. G. C. T. of Gr. transit Apr. 10, 17 29 00 
Corr. for long. page 2, N. A. (74°30’ W.=45 582) — 49 
L. C. T. of local transit, 17 28 il 
Long. W., 4 58 00 


G. C. T. of local transit, 22 26 lil 
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Planets.—The Nautical Almanac gives for each day of the year the G. C. T. of 
Greenwich transit to the nearest minute. For the G. C. T. of Greenwich transit for 
the given date, the local civil time of local transit may be obtained by a simple inter- 

lation for longitude between the given date and the adjacent date, interpolating 
orward for west longitude and backward for east longitude. 
Example.—April 16, 1937, in Long. 67°45’ E., chronometer slow, 1™ 05%; C—W, 7» 33™ 42°: 
find the watch time of transit of the planet Jupiter. 


Approx. G. C. T. of Greenwich transit Apr. 16, 65 16= 00s 
Corr. for longitude 4 31™ E. (p. 2, N. ay + 45 


? 


L. C. T. of local transit, 6 16 45 
Long. E., 4 31 00 
G. C. T. of local transit, Apr. 16, 1 45 46 
Chron. slow, — 1 05 
Chron. at local transit, 1 44 40 
C—W (subtract) 7 33 42 


Approx. watch time of local transit 6 10 58 


Moon.—Finding the local transit of the moon is similar to that of a planet, but 
the change in right ascension is rapid, therefore the daily difference in the G. C.T 
of Greenwich transits are larger and the variation per hour is given, plus for west 
longitude and minus for east longitude. 


Ezample.—On July 2, 1937, in Long. 30° W.; chronometer fast 1= 30°; C—W 2 03™ 10°; find 
the watch time of local transit of the moon. 


Approx. G. C. T. of Gr. transit, July 2, 6» 25™= 00s 


Corr. long. var. 27.2 2)=4m,4 + 4 24 
Approx. L. C. T. of local transit, 6 29 24 
Long. W., | 2 

7 dads G. C. T. of local transit, 8 29 24 
Chron. fast, + 1 30 
Chron. at local transit, 8 30 54 
C—W (subtract) 2 03 10 


Approx. watch time of local transit, 6 27 44 


Conversion of time.—This is the process by which any instant of time that is 
defined according to one system of reckoning may be defined according to some 
other system; and also by which any interval of time expressed 
in units of one system may be converted into units of another. 

Sidereal and mean time.—Civil time 1s the hour angle of the 


AT Qe 
mean sun increased by 12"; sidereal time is the hour angle of the M 7 M’ 


West 


first pomt of Aries. Since the right ascension of the mean sun 
is the angular distance between the hour circles of the first point 
of Aries and of the mean sun, civil time may be converted into 
sidereal time by subtracting 12° from it and adding to the re- 
mainder the right ascension of the mean sun; and similarly, side- 
real time may be converted into civil time by subtracting from 


it the right ascension of the mean sun increased by 12. ’ 
This is explained in figure 59, which represents a projection O 
of the celestial sphere upon the equator. If P be the pole; oes ae. 


QPQ’, the meridian; V, the first point of Aries; M, the position 

‘of the mean sun (west of the meridian); then QPV, or the arc QV, is the sidereal 
time; QPM, or the arc QM, is the civil time diminished by 12"; and VPM, or the 
arc , Is the right ascension of the mean sun. From this it will appear that: 


QV=QM-+ VM, or | 
Sidereal time=Civil time—12°+ Right ascension of mean sun, or 
Sidereal time+24"°=Civil time+ Right ascension of mean sun+ 12°, 
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_ If the mean sun be on the opposite side of the meridian, at M’, then the civil 
time equals 12"—M’Q. In this case: 


V=VM’—M’Q, or 
Sidereal time= Right ascension of mean sun— (125— Civil time), 
= Right ascension of mean sun+ Civil time—12*, or 
Sidereal time+ 24"°= Right ascension of mean sun+ 12"+ Civil time. 


Right ascension being measured to the east and hour le to the west, the 
sidereal time will therefore always equal the sum of these two; but 24° must be.sub- 
tracted when the sum exceeds that amount. 

From the preceding equations, there is given: 


M=QV—VM; and 
'Q=VM’—OV, or 


(12"—M’Q)= (24"4+ QV) — (VM’ +12"). 


From this it may be seen that the civil time always equals the sidereal time minus 
the right ascension of the mean sun increased by 12° RR. A. M. S.+12"), but the 
former must be increased by 24" when necessary to make the subtraction possible. 

_ Apparent and mean time.—Apparent time is the angle between the meridian 
and the hour circle which contains the center of the sun; mean time is the angle 
between the meridian and the hour circle which contains the mean sun. Since the 
equation of time represents the angle between the hour circles of the mean and appar 
ent suns, it is clear that the conversion of mean time to apparent time may be accom- 
plished by the application of the equation of time, with its proper sign, to the mean 
time; and the reverse operation by the application of the same quantity, in an opposite 
direction, to the apparent time. 

The resemblance of these operations to the interconversion of mean and sidereal 
times may be observed if, in figure 59, we assume that PV is the hour circle of the 
true sun, PM remaining that of the mean sun; then the arc QM will be the mean time; 
QV, the apparent time; and VM, the equation of time; whence we have as before: 


QV=QM+VM, or | 
Apparent time= Mean time-+ Equation of time; 


the equation of time will be positive or negative according to the relative position of 
the two suns. 

Sidereal and mean time intervals.—The sidereal year consists of 366.25636 
sidereal days or of 365.25636 mean solar days. If, therefore, M be any interval of 
mean time, and S the corresponding interval of sidereal time, the relations between 
the two may be expressed as follows: 


S 366.25636 

M 365.25636 ~ 1:0027879; 
. M _365.25636 _ 

S365 95636 7 0-997 2696. 


Therefore, 
S=1.0027379 M=M-+..0027379 M; 
M=0.9972696 S=S —.0027304 S. 


If M=24", S=24"+3™ 56°.6; or, in a mean solar day, sidereal time gains on 
mean time 3™ 56°.6, the gain each hour being 9°.8565. 

If S=24", M=24>— 3™ 55°.9; or, in a sidereal day, mean time loses on sidereal 
time 3" 55°.9, the loss each hour being 9°.8296. 

If M and S be expressed in hours and fractional parts thereof, 


S—M-+9°.8565 M; 
M= S —9°.8296 S. 


Tables for the conversion of the intervals of mean into those of sidereal time 
and the reverse are based upon these relations. Tables 38 and 39 of this work give 
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the values for making these conversions, and similar tables are to be found in the 
Nautical Almanac. 

Converting mean solar into sidereal time——Apply to the local civil time the 
longitude, adding if west and subtracting if east, an thus obtain the Greenwich civil 
time. Take from the Nautical Almanac the sidereal time of 0° civil time at Greenwich 
(R. A. M. S.+12"), and correct it for the Greenwich civil time by the supplementary 
table at the foot of the main table, or by tables in the Nautical Almanac, or Table 39 
(Bowditch), or by the hourly difference of 9°.857.. Add to the local civil time this 
corrected value of the R. A. M. S.+ 12", rejecting 24" if the sum is greater than that 
amount. The result will be the local sidereal time. 

Example.—April 22, 1937, in long. 81°15’ W., the local civil time is 2500" 00° p.m. Required 
the corresponding local sidereal time. 


L. C.T., 224 145 00= 009 R. A. M. 8.+12h, 224 Oh, 13h §8= 31°.9 L. C. T., 14 00= 00s 
Long., + & 25 00 Red. for 19 25™ (Tab. 39),+ 3 11.4 R. A. M. 8.4128 + 14 O1 43.3 
a.c.T., 22 19 25 00 R. A. M. 8.-+125, 19> 252, 14 Ol 43.3 L. 8. T., 4 O1 43.3 


Example.—April 22, 1937, in long. 75° E., the local civil time is 4" 00™ 00*a.m. Required the 
local sidereal time. 


L. C. T., 224 4b 00= 00* R. A. M. 8.4125, 214 0b, 13 54™ 35.3 L. C. T. 224, 4b 00m 000 
Long... — & 00 00 Red. for 235 (Tab. 39), + 3 46.7 R. A. M. 8.+128, 13 68 22.0 
G.C. T., 21 23 00 00 R. A. M. 8.4125, 23h, 13 58 22.0 L. 8. T., 17 58 22.0 


In these examples the reduction of the R. A. M. S.+12" has formed a separate 
operation in order to make clear the process. It would be better to add together 
directly L. C. T., R. A. M.S.+12°, and Reduction. 

Converting sidereal into mean solar time.—Take from the Nautical Almanac the 
sidereal time of 0° civil time at Greenwich (R. A. M. S.+12") and apply to it the 
reduction for longitude, either by Table 39 or by the hourly difference of 9°.857, and 
the result will be the local sidereal time of 0* local civil time, which is equivalent to 
the local sidereal time at the instant of 0° local civil time. Subtract this from the 
given local sidereal time (adding 24° to the latter if necessary), and the result will be 
the interval from 0° local civil time, expressed in units of sidereal time. Convert this 
sidereal time interval into a mean time interval by subtracting the reduction as given 
by the table in the Nautical Almanac, or Table 38, or by the hourly difference of 
9*.830; the result will be the local civil time. 

If the sidereal interval is less than 3™ 56°.555, there will be two mean times corre- 
sponding to the given sidereal time, one a few minutes after the preceding 0°, and 

e other a few minutes before the following 0°, the mean time interval between 
these two mean times being 23° 56" 04°.09. The mean time, approximately known, 
will show which one is to be taken. 


Ezample.— April 22, 1937, about 4 a. m.in Long. 75° E., the local sidereal time is 175 58™ 22¢.0. 
What is the local civil time? 


L. 8. T. 175 58m 229.0 R. A. M. 8.4125 Gr. 22404, 135 58m 31¢.9 
L. 8. T. of Ob L. C. T. 135 57m 42 .6 Red. for—55 long. (Tab. 39), — 49 .3 
Sid. interval from 04 L. C. T. 4 00 39.4 R. A. M. 8.4+12, local 0b, (or 13 57 42.6 
Red. for sid. interval (Tab. 38), 39 .4 L. 8. T. of 06 L. C. T.) 

L. C. T., 224, 4 00 0.0 


Erample.—April 22, 1937, about 2 p. m., at a place in Long. 81° 15’ W., the sidereal time is 45 
01™ 43°.3. What is the corresponding civil time? 


L. 8. T.4+-245 if necessary for the following subtraction: 285 Olm 43¢.3 R. A. M. 8.4126 Gr. 224 0b 13b 58m 31¢.9 
L. 8. T., of 08 L. C. T. 13 59 25.3 Red. for +55 25™ long. (Tab. 39) + O 653.4 
Sid. interval from 04 L. C. T., 14 02 18.0 R. A. M. 8.4125, local 06 (or L. 8. 13 59 25.3 
Red. for sid. interval (Tab. 38),— 2 18.0 T. of 06 L. C. T.) 

L. C. T., 224, 14 00 00 


Converting mean into apparent time and the reverse.—Find the Greenwich time 
corresponding to the given local time. If apparent time is given, find the Greenwich 
apparent time and take the equation of time from the almanac using Greenwich 
apparent time as Greenwich civil time. Apply equation of time with sign reversed. 
it mean time, find the Greenwich civil time, correct the equation of time for the 
required instant and apply it with its proper sign to the given time. 
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Example.—April 21, 1937, in Long. 81° 15’ W., find the local apparent time corresponding 
to a local civil time of 3" 05™ 00 p. m. 


L.C. T 214 154 05™ 00 L.C.T., 214 155 05= 00° Eq. t., 20%, 1™ 18*.7 
Long., W., + 5 25 00 Eq.t. + 1 18.9 Corr., 0.2 
G.C.T., 21 20 30 00 LA.T., 21 15 06 18.9 Eq. t., 1 18.9 
H. D., + 095 
Int., + Ob5 
Corr., + 09.25 


(Add to MEAN time.) 


Ezample.—April 3, 1937, in Long. 81° 15’ E., the local apparent time is 85 45™ 00* a. m. 
Required the local civil time. 


L. A. T., 3¢ 85 45™= 00* L. A. T., 34 8» 45™= 00° Eq. t., 2%, 3™ 32*.2 
Long., E. — 5 25 00 Eq.t., + 3 31.3 Corr., — 0 .9 
G. A. T., 3 3 20 00 L.C.T., 3 8 48 31.3 Eq. t., 3 31 .3 
H. D., _ 0°.7 

Int., — 14,33 

Corr., — 0° .93 

(Add to APPARENT 

time.) 


Finding hour angle of a body from the time, and the reverse.—In figure 59, if 
M and M’ represent the positions of celestial bodies instead of those of the mean 
sun as before assumed, then the hour angles of the bodies will be QM and 245—M’Q, 
especiyey: and their right ascensions will be VM and VM’. 
s befo 


re, 
QV=QM+VM, 
— M’—M’Q; 
M=QV—VM 


, 
'Q=VM’— VQ, or 
(24"—M’Q) = (242+ QV)—VM’. 
Thus, the sidereal time is equal to the sum of the right ascension of the body and 
its hour angle, subtracting 24" when the sum exceeds that amount; and the hour 
angle equals the sidereal time minus the right ascension of the body, 24” being added 
to the former when necessary to render the subtraction possible. 


Example.—In Long. 81° 15’ W., on April 25, at 1937, 12% 10™ 30° local civil time, find the hour 
angle of Sirius. 


L. C. T., 12b 10™ 30° LC. T., 125 10m 30.0 or H. A. M.S., 0® 10™ 30.0 W. 
Long., +5 25 00 R. A. M.8., +12, +14 10 21.50rR.A.M.8.,2 10 21.5 
—_—___—_— Red. 175 35.5 G.C. T. (Tab. 39), + 2 653.4 2 83.4 
G.C.T., 17 35 30 ————— ———— 
L. 8. T. increased by 244, 26 23 44.9 L.8.T., 2 23 44.9 
R. A. Sirius, —6 42 23.4 R.A.Sirius6 42 23.4 
H. A. Sirius, 19 41 21.5W. H.A, 4 18 38.8E. 
Example.—May 9, 1937, Arcturus being 25 27™ 42°.5 east of the meridian, find the local side- 
real time. 
245 00™ 00°.0 H. A. 215 32 179.5 
H.A., 2 27 42.5 E. R. A..* +14 12 50.3 
H.A., 21 32 17.5 W. L.S.T., 11 45 07.8 
Or thus: 


H. Ak — 2> 27 429.5 
R. Ax +14 12 50.3 


L.S.T., 11 45 07.8 


Diagrams.— Many navigators find the conversion of time simplified and more 
easily grasped by roughly plotting the elements as they are presented in any given 
case, in a figure drawn on the plane of the celestial equator. Noting the known ele- 
ments and the elements required to be found, a study of the figure shows very quickly 
how to combine the known elements to get the unknown elements. 

Following this method the examples given under the paragraphs on conversion 
of mean, apparent, and sidereal times are here solved as an alternative to the pre- 
ceding treatment, since it is found that, for many who have learned this method of 
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procedure in the beginning, every difficulty in reckoning or converting time has been 
obviated. Although the explanation may appear long, the actual plotting and solution 
of any given case takes only a few minutes when the method is understood. In the 
figures, P represents the elevated pole; Q, the intersection of the upper branch of the 
local meridian with the equator, and Q’ the intersection of the lower branch of the 
local meridian with the equator; G, the intersection of the upper branch of the merid- 
‘jan of Greenwich with the equator, and G’ the intersection of the lower branch of 
the meridian of Greenwich with the equator; V, the first point of Aries (Vernal 
Equinox); S,», the mean sun; §,, the apparent sun; and >, a star or planet. 


FIRST EXAMPLE UNDER “MEAN SOLAR TO SIDEREAL TIME”? 
(See fig. 60.) 
Draw a circle to represent the plane of the celestial equator, P being the projec- 


tion of the pole, and PQ the projecuon of the upper branch of the local meridian, and 
PQ’ the projection of the lower branch of the local meridian. From P draw the pro- 
jection of the hour circle of the Greenwich meridian which (since the longitude is 
west) is laid off to the right or eastward of the upp branch 
of the local meridian so that the arc QG equals the longi- West 
tude. The arrow indicates westerly direction and shows the 
direction in which the hour circles of the celestial bodies 
move around the circle on the earth’s axis. The L.C. T. 
being 14", we lay off the hour circle of the mean sun to 
the westward of the lower branch of the local meridian so 
that the arc Q’GS,, equals the L.C.T. It 1s seen at once 
from the figure that the G. C. T. (the position of the hour cir- 
cle of the mean sun, S,,, with reference to the lower branch of 
the Greenwich meridian) is the arc G’Q’GQS,,, which equals 
Long.+L. C.T. Having found the G..C. T., the R. A. M. 
S.+12" at that instant is found from the Nautical Almanac 
(taken out for the day and corrected for the G. C. T.) which, 
in this case, is 14" 01™ 43°.3. The correction is (+) 
or additive to the angle which represents the R. A. 
M. S.+12" for 0° civil time at Greenwich because this angle has been increased by this 
amount owing to the gain of the Vernal Equinox over the mean sun for the angle 
through which the mean sun has traveled from the lower branch of the Greenwich 
meridian. The mean sun is to the eastward of the Vernal Equinox by the amount of 
its right ascension. Therefore lay off PV, the hour circle of the Vernal Equinox, so 
Gas that the arc VS,, equals the R. A. M.S. Since the L. S. 
T. equals the H. A. of the Vernal Equinox, it is at once 
apparent from the figure that the L. S. T. equals R. A. M. 
S.+H. A. mean sun, or R. A. M.S.+12°-+-L. C. T. 


SECOND EXAMPLE UNDER ‘‘MEAN SOLAR TO SIDEREAL 
TIME’’ (See fig. 61) 


Draw a circle to represent the plane of the celestial 
equator. Project the pole P and upper branch of the local 
meridian PQ, and the lower branch of the local meridian 
PQ’. Draw the arrow pointed west to show the direction 
in which the hour circles move. Since the longitude is 
east, the Greenwich meridian is to the westward of the local 
meridian, and PG, the upper branch of the Greenwich merid- 
_ lan, is drawn so that the are QG equals 5° (75°) of longi- 

tude. Since the L. C. T. is 4" 00” 00* lay off the arc Q’S,,, equal to 4", (60°) and draw PSn. 
the hour circle of the meansun. It is apparent from the figure that, since the mean sun 
must travel around the arc to the west from S,, to G’ to make the time 0 hours civil time 
on April 22at Greenwich, the date must be April 21, and theG.C.T.is23hours. For this 
Greenwich date, take, from the Nautical Almanac (corrected forG.C.T.), theR.A.M.S. 
_-+- 12? equal to 13" 58™ 22°.0 and, therefore, the R. A. M.S. is 15 58" 22*.0, which is the 
amount the hour circle of the mean sun is to the eastward of the hour circle of the 


FIGURE 61. 
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Vernal Equinox. The correction is + or additive for the reason given in the preced- 
ing example. Lay off the arc S,,V equal to the R. A. M. S. and draw the hour circle 
of the Vernal Equinox PV. An inspection of the fi shows us that the L. S. T. is 
the arc QGV which is equal to the L. C. T.+R. A. M. 8.412". 


FIRST EXAMPLE UNDER “‘SIDEREAL TO MEAN SOLAR TIME” (See fig. 62) 


Draw the e as shown, laying off the east longitude, to 5" (75°), to the 
westward from Q, and thus finding the Greenwich meridian G. The given L. S. T. 
bemg 175 58™ 22°, lay off QGV equal to this amount for the purpose of determini 
the position of V, the Vernal Equinox or first point of Aries, for the instant desired. 
The problem is to 2 sake the position of the mean sun at this instant, and thence find 
its angular removal from the lower branch, PQ’, of the local meridian, or the L. C. T. 
The Nautical Almanac gives the sidereal time of 0° civil time at Greenwich, and, on 
April 22, this is found to be 13° 58" 31°.9. By laying off this amount GV,, to the west- 
ward from G, the position of the Vernal Equinox or first point of Aries at the instant 
of 0° G. C. T. is found to be at V;._ To find the position of the Vernal Equinox or 
first point of Aries at the instant of 0° L. C. T. the angle QV, must be found, which 
will be less than GV), since the first point of Aries always advances faster toward the 


West 


west than the mean sun. The amount of this gain of the Vernal Equinox over the 
mean sun depends on the angular distance through which the mean sun has traveled; 
that is, in this case from Q to G, the angular amount of 5 hours of longitude. From 
Table 39 the gain, which is represented by the sector C, in the figure, to be 49*.3 for 
the 5 hours, so that QV; acuala GV, —49°.3, or 13° 58™ 31°.9—49°.3 or 13" 57™ 42°.6. 
For the instant of time desired, the Vernal Equinox is not at V; but at V, and at this 
_ instant the position of the mean sun, S,, is to be found. The Vernal Equinox has 
moved from V, to the westward to V or through the arc V2V, which equals QV—QV; 
or 17° 58™ 22°.0—13" 57™ 42°.6 or 4" 00™ 39°.4, which is called a sidereal interval. 
During this travel of the Vernal Equinox the mean sun will lose a certain angular 
amount on the Vernal Equinox, depending on the travel of the latter, which travel is 
45 00" 39°.4. From Table 38, for this travel it is found that the loss will be 39°.4, 
which is represented by the sector C; in the figure, so that the angle QS,, is V.V —39°.4 
or 4 00™ 39°.4—39*%.4, or 4" 007 00°, which the figure shows to be the required L. C. T. 


SECOND EXAMPLE UNDER “‘SIDEREAL TO MEAN SOLAR TIME”’ (See fig. 63) 


Draw the figure as shown, laying off the west longitude equal to 5° 25™ (81° 15’), 
to the eastward from Q, and thus finding the Greenwich meridian G. The problem is 
similar to the preceding one except that the correction, C,, represents an Increase in 
the L. S. T. of 0 L. C. T., since the Vernal Equinox has gained a certain amount on 
the mean sun during the travel of the sun to the westward from G to Q. For the 
travel of V, to V, the mean sun will fall back a certain amount in relation to the 
Vernal Equinox, which is represented by the correction C;, and hence V;V—C,= 
Q’S,z=L. C. T 
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FIRST EXAMPLE UNDER “HOUR ANGLE OF A BODY FROM THE TIME” (See fig. 64) 


Draw the fi as explained above, using longitude 5" west (75°), and L.C. T., 
12°(+). Then G. C. T. equals 12+ 5 or 17°(+) (255°) of April 25. For this instant 
of time the mean sun is plotted at S,. Knowing the positions of G, Q, and Sn, the 

roblem is to find the position of the given star on the diagram, and thence its local 
hour angle. If there can be found the relative angles from the mean sun and from 
the star to some third object, there can be pated this third object and the required 
hour angle of the star found. The third object is the first point of Aries or Verna) 
Equinox, and the angles from the mean sun and from the star are the right ascensions 
of the mean sun and the star. The mght ascension of the mean sun increased by 12> 
is found from the Almanac, not for the instant required, but for 0° G. C. T. of the date. 
The right ascension of the mean sun found by subtracting 12° from this quantity 
must be increased by a correction for the time elapsed since 0° of Greenwich civil 
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time; that is, for the G. C. T. corresponding to the given L. C. T. In the problem 
the corrected R. A. M.S. is approximately 2". Therefore, to find the position of the 
Vernal Equinox at the required instant, S,,V is laid off from S,, 2" to the westward. 
From the Almanac, the R. A. of the star is found to be 6" 42™ and, accordingly, V* 
must be laid off 6" 42, to the eastward. The required local hour angle of the star is 
then Q>* which equals QS,+VS,,— Vx, or H. A. M.S.4+R. A. M.S.—R. A.x. 


SECOND EXAMPLE UNDER ‘“‘HOUR ANGLE OF A BODY FROM THE TIME’’ (See fig. 65) 


Draw the figure as before. The problem is, knowing the position of the star 
at a certain instant, to find the L.S. T. Accordingly, the position of the star must 
be plotted first, and then that of the Vernal Equinox. The local hour angle of the 
latter is the required L. S. T. 

The hour angle of the star is given approximately as 2" (30°), bearing east from 
the meridian, so Q > = 2" is laid off to the east from Q. Now find from the Almanac 
the R. A. of the > which is approximately 14 hours (210°), and lay off *« V equal to 
14° to the westward from >. I eL.S. T. 1s then QV, which equals the R. A.«— 
H. A.>x, or 145—2" or 12°. 

When doubt exists as to the Greenwich date, the navigator, by plotting the 
data in exactly the same way as explained above, can at once remove all doubt on 
the subject and can get the correct G. C. T. 

From the above it is noted that nght ascension fixes celestial bodies with relation 
to the vernal equinox and with relation to other celestial bodies, while the hour angle 
expresses the relation of celestial bodies to the observer’s meridian. In plotting the 
position of sun, moon, star, or planet, from the celestial sphere to the terrestrial 
sphere, the declination of the body and its Greenwich hour angle must be known for 
the desired instant of Greenwich civil time. 


CHAPTER X 
OBSERVED ALTITUDE CORRECTIONS 


The true altitude (ho) of a heavenly body at any place on the earth’s surface 
is the altitude of its center, as it would be measured by an observer at the center of 
the earth, above the plane passed through the center of the earth at mght angles 
to the direction of the zenith. 

The observed altitude (hs) of a heavenly body, as measured at sea, may be con- 
verted to the true altitude by the application of the following-named corrections: 
Index correction, dip, refraction, parallax, and semidiameter. The corrections for 
parallax and semidiameter are of inappreciable oe pat in observations of the fixed 
‘stars, and with planets are so small that they need only be regarded in refined calcu- 
lations. In observations with the artificial horizon there is no correction for dip. 

The combined amount of the correction is given in Table 40 and Table 41 and 
may be applied to observed altitudes of the celestial bodies. 


INDEX CORRECTION 
This correction is fully explained in chapter VIII. 
REFRACTION 


It is known by various experiments that the rays of light deviate from_their 
rectilinear course in passing obliquely from one medium into another of a different 
density; if the latter be more dense, the ray will be bent toward the perpendicular 
to the line of junction of the media; if less 
dense, it will be bent away from that per- 
pendicular. 

Theray of light before entering the second 
medium is called the incident ray; after it 
enters the second medium it is called the 
refracted ray, and the difference of direction 
of the two is called the refraction. 

The rays of light from a celestial body 
must pass through the atmosphere before 
reaching the eye of an observer upon the 
surface of the earth. The earth’s atmos- 
phere is not of a uniform density, but is most 
dense near the earth’s surface, ata: Gg 
creasing in density toward its upper hmit; 
hence the path of a ray of light, by passing 
from a rarer medium into one continuall 
increasing in density becomes a curve, whic 
is concave toward theearth. The last direc- 

Pinoeecs. tion of the ray 1s that of a tangent to the 

: curved path at the eye of the observer, and 

the difference of the direction of the ray before entering the atmosphere and this last 
direction constitutes the refraction. 

To illustrate this, consider the earth’s atmosphere as shown in figure 66; let 
SB be a ray from a star S, entering the atmosphere at B, and bent into the curve 
BA; then the apparent direction of the star is AS’, the tangent to the curve at the 
point A, the refraction being the angle between the lines BS and AS’. If CAZ is 
the vertical line of the observer, by a law of optics the vertical plane of the observer 
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which contains the tangent AS’ must also contain the whole curve BA and the incident 
ray BS. Hence refraction increases the apparent altitude of a star without affecting 
its azimuth. 

Refraction at the zenith is nothing. The less the altitude the more obliquely 
the rays enter the atmosphere and the greater will be the refraction. At the horizon 
the refraction is the greatest. 

The refraction for a mean state of the atmosphere (barometer 30", Fahr. ther- 
mometer 50°) is given in Table 22 and the combined refraction and sun’s parallax 
in Table 23. 

Since the amount of the refraction depends upon the density of the atmosphere 
and the density varies with the pressure and the temperature, which are indicate 
by the barometer and thermometer, the érve refraction is found by applying to the 
mean refraction the corrections to be found in Tables 24 and 25; these are deduced 
from Bessel’s formulas. Under certain conditions of the atmosphere @ very extraor- 
dinary deflection occurs 1n rays of light which reach the observer's eye from the visible 
horizon, the amount of which is not covered by the ordinary corrections for pressure 
and temperature; on account of it, altitude less than 5° should be avoided. 


Example.— Required the refraction for the apparent altitude 5°, when the thermometer is at 20° 
and the barometer at 30!" .67. 


Mean refraction by Table 22 is, 9’ 52’ 

Correction for height of barometer is, + 13 

Correction for the temperature, + 42 
True refraction, 10 47 


_ The correction for refraction should always be subtracted, as also that for com- 
bined refraction and parallax of the sun; the correction for combined refraction and 
parallax of the moon 1s invariably additive. 


DIP 


Dip of the horizon is the angle of depression of the visible sea horizon below the true 
horizon, due to the elevation of the eye of the observer above the level of the sea. 

In figure 67 suppose A to be the posi- 
tion of an observer whose height above the 
level of the sea is AB. CAZ is the true 
vertical at the position of the observer, and 
AH is the direction of the true horizon, S 
being an observed heavenly body. Draw 
ATH’ tangent to the earth’s surface at T. 
Disregarding refraction, T will be the most 
distant point visible from A. Owing to 
refraction, however, the most distant vis- 
ible point of the earth’s surface is more 
remote from the observer than the Sa 
T, and is to be found at a point T’, in 
figure 68. But to an observer at A the 
point T’ will appear to lie in the direction 
of AH’’, the tangent at A to the curve 
AT’. If the vertical plane were revolved 
about CZ as an axis, the line AH would 
generate the plane of the true horizon 
while the point T’ would generate a small 
circle of the terrestrial sphere called the 
visible or sea horizon. ‘The dip of the horizon is HAH’’, being the angle between 
the true horizon and the apparent direction of the sea horizon. Values of the dip are 
given in Table 18 for various heights of the observer’s eye, and in the computation 
of the table, allowance has been made for the effect of atmospheric refraction as it 
exists under normal conditions. 

The fact must be emphasized, that under certain conditions the deflection of the 
ray in its path from the horizon to the eye is so irregular as to give a value of the dip 
widely different from that which is tabulated for the mean state of atmosphere. 
These irregularities usually occur when there exists a material difference between the 
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temperature of the sea water and that of the air, and they attain a maximum value in 
calm or nearly calm weather, when the lack of circulation permits the air to arrange it- 
self in a series of horizontal strata of different densities, the denser strata being below 
when the air is warmer, and the reverse condition obtaining when the air is cooler. 
The effect of such an arrangement is that a ray of light from the horizon in passing 
through media of different densities undergoes a refraction quite unlike that which 
occurs in the atmosphere of much more nearly homogeneous density that exists under 
normal conditions. 

Various methods have been suggested for computing the amount of dip for 
different relative values of temperature of air and water, but none of these afford a 
satisfactory solution. It is far more convenient to measure the dip with special in- 
struments or attachments to the sextant when 
abnormal conditions are suspected. If instru- 
ments are not available, then the navigator 
should resort to a number of measurements of 
the altitude. 

The difference between the actual value of 
the dip and the tabulated value may be very 
large occasionally, as reliable observations have 

laced it above 10’ and even as high as 32’. 

uch large differences are, however, very rare 
over the greater part of the oceans, but should 
be guarded against when in a calm or with wind 
not more than 1 or 2 of Beaufort scale, and 
particularly when mirage effects are noticeable. 
An investigation by the Carnegie Institution of 
Washington in the course of the Magnetic 
Survey of the Oceans showed the actual value of the dip to differ not more than 2’ 
from the tabulated value in 5,000 determinations, excepting on one occasion when 
difference of 10’.6 was found. 

The following rules may indicate to the navigator the conditions under which 
caution must be observed, and the direction of probable error: 

(a) A displacement of the horizon should always be suspected when there is a 
marked difference between the temperatures of air and sea water; this fact should 
be especially kept in mind in regions such as those of the Red Sea and the Gulf Stream, 
where the difference frequently exists. 

(6) The error in the tabulated value of the dip will diminish with an increase 
in the force of the wind. 3 . 

(c) The error will decrease with the height of the observer’s eye; hence it is 
expedient, especially when error is suspected, to make the observation from the most 
elevated position available. 

(d) en the sea water is colder than the air the visible horizon is raised and the 
dip is decreased; therefore the true altitude is greater than that given by the use of 
the ordinary dip table. When the water is warmer than the air, the horizon is de- 

ressed and the dip is increased. At such times the altitude is really less than that 
ound from the use of the table. 

The same cause, it may be mentioned here, affects the kindred matter of the 
visibility of objects. When the air is warmer, terrestrial objects are sighted from a 
greater distance and appear higher above the horizon than under ordinary conditions. 
When the water is warmer than the air, the distance of visibility is reduced, and 
terrestrial objects appear at a less altitude. 

What has been said heretofore about the dip supposes the horizon to be free from 
all intervening land or other objects; but it often happens that an observation is 
required to be taken from a vessel steaming along shore or at anchor in harbor, when 
the sun is over the land and the shore is nearer the ship than the visible sea horizon 
would be if it were unconfined; in this case the dip will be different from that of Table 18 
and will be greater the nearer the ship is to that point of the shore to which the sun’s 
image is brought down. In such case Table 19 gives the dip at different heights of the 
eye and at different distances of the ship from the Jand. 

The dip is always to be subtracted from the observed altitude. 


FIGURE 68. 
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PARALLAX 


The parallax of a celestial body is, in general terms, the angle between two 
straight lines drawn to the body from different points. But in Nautical Astronomy 
geocentric parallax is alone considered, this being the difference between the positions 
of a celestial body as seen at the same instant 
from the center of the earth and from a point on 
its surface. 

The zenith distance of a body, S (fig. 69), 
seen from A, on the surface of the earth, is ZAS; 
seen from C it is ZCS; the parallax is the differ- 
ence of these angles, ZAS—ZCS= ASC. 

Parallax in altitude is, then, the angle at 
the celestial body subtended by the radius of 
the earth. 

If the celestial body is in the horizon as 
at H’ the radius, being at night angles to AH’, 
subtends the greatest possible angle at the star 
for the same distance, and this angle is called 
the horizontal parallax. The parallax is less as 
the body is farther from the earth, as will be 
evident from the figure. Wiauwn 00. 


Let rae err in altitude, ASC; 
Z=SAZ, the apparent zenith distance (corrected for refraction) ; 
R=AC, the radius of the earth; and 
D=CS, the distance of the object from the center of the earth. 


Then, since SAC=180°—SAZ, the triangle ASC gives: 


: R sin Z 
sin par.=—p)—— 


If the object is in the horizon at H’, the angle AH’C is the horizontal parallax, 
and denoting it by H. P. the nght triangle AH’C gives: 
| R 


Substituting this value of 5 in the above, 


sin par.=sin H. P. sin Z. 
If h=SAH’, the apparent altitude of the celestial body, then Z=90°—A; hence, 
sin par.=sin. H. P. cos h. 


Since par. and H. P. are always small, the sines are nearly proportional to the 
angles; hence, 
par.=H. P. cos h. 


The Nautical Almanac gives the horizontal parallax of the moon, as well as 
of the planets Venus, Mars, Jupiter, and Saturn. | 

In Table 20 will be found the values of the sun’s parallax for altitude intervals 
of 5° or 10°, while Table 23 contains the combined values of the sun’s parallax and 
the refraction. 
a Parallax is always additive;.combined parallax and refraction is subtractive for 

e sun. 
SEMIDIAMETER 


The semidiameter of a celestial body is half the angle subtended by the diameter 
of the visible disk at the eye of the observer. For the same body the semidiameter 
varies with the distance; thus, the difference of the sun’s semidiameter at different 
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times of the year is due to the change of the earth’s distance from the sun; and sim- 
ilarly for the moon and the planets. 

In the case of the moon, the earth’s radius bears an appreciable and considerable 
ratio to the moon’s distance from the center of the earth; hence the moon is materially 
nearer to an observer when in or near the zenith than when in or near the horizon 
and ie the semidiameter, besides having a menstrual change, has a semidiurnal 
one also. 

The increase of the moon’s semidiameter due to increase of altitude is called its 
augmentation. 

The semidiameters of the sun, moon, and planets are given in their appropriate 
places in the Nautical Almanac. 

The semidiameter is to be added to the observed altitude in case the lower limb 
of the body is brought into contact with the horizon, and to be subtracted in the 
case of the upper limb. When the artificial horizon is used, the limb of the fap 
image is that which determines the sign of this correction, it being additive for the 
lower and subtractive for the upper. 


Example.— May 6, 1937, the observed altitude of the sun’s upper limb was 62° 10’ 40’’; I. C.,+ 
3’10’’; height of the eye, 25 feet. Required the true altitude. 


Obs. alt.6, 62° 10’ 40’ i... + 3’ 10” 
IT., _ 18 04 ean 
——-—-__—__- S. D. (Naut. Alm.), —15’ 53’ 
True alt., 61 52 36” dip. (Tab. 18), — 4 54 
p. & r. (Tab. 23), — 27 
—21 14 
Corr., —18’ 04’ 


‘ Fiiag eosa toes eutude ee ae as observed with an artificial horizon was 50° 59’ 30’; I. C., 
- . Required the true altitude. 
O 


bs. 2 alt.>k, 50° 59’ 30’ 
C., —_ 1 30 
2)50 58 00 
Obs. alt., 25 29 00 
ref. (Tab. 22), — 2 02 
True alt., 25 26 58 


Ezample.—April 16, 1937, observed altitude of Venus 53°26'10’’; I. C.,+2/’30’’; height of eye, 
20 feet. equired the true altitude. 


Obs. alt.*«k, 53° 26’ 10’ pe (Tab. 21), +0’ 17° Hor. Par. (Naut. Alm.), 0’.46 
_ 1 i Cs +2 30 


Corr., 2 19 
True alt, 53 23 51 +2 47 
dip, (Tab. 18), 4" 23!" - 
(Tab. 22), — 43 
—5 06 
Corr., 2’ 19” 


The corrections for dip, parallax, refraction, and semidiameter, which must be 
applied to the observed altitude of a star or of the sun’s lower limb in order to obtain 
the true altitude, have been combined in Table 40, and for the moon’s upper and 
lower limb in Table 41, and will henceforth be used in all subsequent problems. This 
is done to save the time and labor involved in referring to separate tables of these 
corrections. , 

The tabulated correction for an observed altitude of a star combines the mean 
refraction and the dip; and that for the observed altitude of the sun’s lower limb, 
the mean refraction, the dip, the parallax, and the mean semidiameter, which is 
taken as 16’. A supplementary table: taking account of the variation of the sun’s 
couraer era a in the different months of the year, is given in connection with the 
main table. 
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Thus, in the example on page 160, when variations from the mean state of the 
atmosphere (barometer 30 inches, Fahr. thermometer 50°) are left out of considera- 
tion, proceed as follows: 


Measured altitude (A,)......------------.-------- eee OQ = 40° 04’ 00’ 
I. C.=+ 3 00 
Correction from Table 40, altitude, and height of eye 20 feet......_..__- +10’.6 40° 07’ .0 
Supplementary Table for June 21__-_-.-_--._-_.----.----.----------- — 0.2 10 4 
TPYuUe AIVICUGC-(Ng) fo et a es io ot par boc tte 40 17 .4 


And, in the last example on page 161, with the horizontal parallax 54’.2 and the 
observed altitude corrected for index error, obtain the correction of the measured 
altitude of the moon from table 41, as follows: 


Measured altitude (h,).-..-------------------------------- eee > = §9° 06’ 40” 
I. C.=+ 2 00 
59 O08 .7 
Correction from Table 41__......-_- eee +12'.5 4 8 2 
Supplementary Table, correcting for height of eye 19 feet._.....__.._- — 4.3f--- 
A PUe @IVivudeG: (hs) see eee Sst ee ee oe sls Se cee Aes 59 16 .9 


The following drawing illustrates the application of Table 8, Table 11, Table 18, 
and Table 19 of Part II. 


Observer 
Dip (D) Short of Horizon 
by Table 19 
Height of Observer <—_———— Dip (D) by Table 18 
inFeet ey, 
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CHAPTER XI 
LATITUDE 


BY MERIDIAN ALTITUDE 


The latitude of a place on the surface of the earth, being its angular distance 
from the equator, is measured by an arc of the meridian between the zenith and the 
equator, and hence is equal to the declination of the zenith; therefore, if the zenith 
distance of any heavenly body when on the meridian be known, together with the 
declination of the body, the latitude can be found. 

Let figure 70 represent a prea of the celestial sphere on the plane of the 
meridian NZS; O, the center of the sphere; NS, the horizon; P and P’, the poles of 
the sphere; 909, the equator; Z, the zenith of the observer. Then, by the above 
definition, ZQ will be the latitude of the observer; and NP, the altitude of the elevated 
pole, will also equal the latitude. 

Let M be the position of a celestial body north of the equator, but south of the 
zenith; QM =d, its declination; MS=A, its altitude; and ZM=z=90°—A, its zenith 
distance. 

From the figure we have: 

QZ=QM+MzZ, or 
=d-+z2. 


With attention to the names of z and d, marking the zenith distance north or 
south according as the zenith is north or south of the eae, the above equation may 

be considered general for any position of the body at 
upper transit, as M, M’, M’’. 

When the body 1s below the pole, as at M’’’— 
that is, at its lower transit—the same formula may 
be used by substituting 180°—d ford. Another solu- 
tion 1s given in this case by observing that: 


NP=PM’”+NM’”, or 
L=p-+h. 


It 1s sometimes the practice at sea to commence 
observing the altitude of the sun’s lower limb above 
the sea horizon about 10 minutes before noon, and 
then, by moving the tangent-screw, to follow the sun 

Figure 70. as long as it rises; as soon as the highest altitude is 

reached, the sun begins to fall and the lower limb 

will appear to dip. When the sun dips the reading of the limb is taken, and this is 
regarded as the meridian altitude of the sun. | 

It will be found more convenient, and more accurate, for the observer to have 
his watch set for the local apparent time of the prospective noon longitude, or to 
know the error of the watch thereon, and to regard as the meridian altitude that one 
which is observed when the watch indicates local apparent noon. This will save 
time and try the patience less, for when the sun transits at a low altitude it may 
remain ‘‘on a stand” without appreciable decrease of altitude for several minutes 
after noon; moreover, this method contributes to accuracy, for when the conditions 
are such that the motion in altitude due to change of hour angle is a slow one, the 
motion therein due to change of the observer’s latitude may be very material, and 
thus have considerable influence on the time of the sun’s dipping. This error is large 
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enough to take account of in a fast-moving vessel making a course in which there is a 
good deal of northing or southing. 

Finding time of transit.—In observing the altitude of any other celestial body 
than the sun, the watch time of transit 1s previously computed and the meridian 
altitude taken by time rather than by dipping. This is especially important with 
the moon, whose rapid motion in declination may introduce still another element 
of inaccuracy. 

The watch time of transit for the sun, or other celestial body, may be found by 
the forms given below, knowing the D. R. longitude, the chronometer error, and the 
amount that the watch is slow of the chronometer. In this connection, see page 216 
describing another method of setting the watch to L. A. T. . 


Sun Stars, Planets, Moon 
L. A. T. noon, 125 00= 00° L. 8. T. transit (Right ascension.) 
Long. (+ if west), Se eee eee, Long. (+if west), 
G. A. T., G. 8. T., 
Eq. t., pe Sid. t. of 0® G.C.T. — 
G. C. T., Sid. int. from’0+- 
C. C. (sign reversed), + Red. (Tab. 38), — 
Chro. time, G. C. T., 
C—W _ C. C. (sign reversed), 


Watch time noon, Chro. time, 


C— a 
Watch time transit, 


Ezample.—June 1, 1937, at 104 30™ a. m., a vessel was in latitude 32°30’ N.; longitude 118° 30’ 
W.; course 258°, speed 16 knots, chron. fast 17 10°; C—W 7» 49™ 10°. Find watch time of local 
apparent noon. 


Co. Dist. D.L. Dep. D. Long. Long., 118° 30’ W. 
258° 24’ 5’.0 23.5 27'.8 Run (D. Long.), 27 .8 .W. 
D. R. Long., 118° 57'.8 W. at noon=7* 55™ 51° 
L. A. T. noon, 125 00™ 00s 
Long. W., 7 #55 51 
G. A. T., 19 55 51 
Eq..t., _ 2 20 
G. C. T., 19 53 31 
C. C. (rev.), + 1 10 
Chron., 19 54 41 
— 7 49 10 
Watch time of noon, 12 05 31 


The vessel now steams 5™.5 more to get to the 12" 05™ longitude, or the addi- 
tional change in longitude is 1’.7 to the westward, so that the new D. R. longitude is 
118° 59’.5 W. (7" 55™ 58°). The process can be repeated again using this last longi- 
tude for a second estimate of the watch time of noon. 

The Greenwich hour angle, given in the Nautical Almanac, may be used in place 
of apparent time. When the sun is on the meridian, its G. H. 4 is equal to the 
longitude of the place. Take from the Almanac for the proper date the G. H. A. 
nearest to, but less than the D. R. longitude and note the corresponding G. C. T. 
Subtract this G. H. A. from the D. R. longitude and this difference in arc, converted 
into time from the table in the Almanac “corr. to G. H. A.” gives the Greenwich 
civil time of local apparent noon. - 


D. R. Long., 118°57'.8 W. 
June 1,G.H.A., 90 35.3 W.=G. C. T., 185 00™ 00° 
Diff. 28 22.5 =Corr.,. 1 53 30(N. A.) 


G. C. T., 19 53 30 of local apparent noon. 


\ 
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Example.—Jan. 15, 1937, in longitude 67° 30’ W., to find the watch time of transit of star 
« Virginis (Spica), chron. slow 1™ 06°; C— W 3» 59” 00+. 


L. 8. T. transit, 135 21™ 53°.6=R. A. 


Long., W., 4 30 00.0 
G. S. T. 17 51 53.6 
R. A. M.8.+125, 7 36 06.2 (Jan. 15) 
Sid. Int., 10 15 47.4 
Red. Tab. 38, _ 1 40.9 
G. C. T., 10 14 06.5 
C. C. (rev.), — 1 06.0 
Chron., 10 13 00.5 
C-—W., — 3 59 00.0 
/ W. T. of transit, 6 14 00.5 
eae approximate time of transit to the nearest minute may be found as follows from the Nautical 
anac. 
G. C. T. of transit, Jan. 1, 65 40™ 00s 
Corr. for Jan. 15, _ 55 00 (N.A. p. 213) 
G. C. T. of transit, 5 45 00 
Corr. for Long. 45.5 W., — 44 .4 (N. A. Corr. for Lo. tab., p. 2) 
_L. C. T. of transit, 5 44 15.6 
Long., W., 4 30 00.0 
G. C. T. of local transit, 10 14 15.6 
Chron. error (rev.), — 1 06.0 
Chron. at local transit, 10 13 09.6 
C—W., — 3 59 00.0 
Watch time, of transit, 6 14 09.6 : 


Finding latitude.—From the observed altitude deduce the true altitude, and 
thence the true zenith distance. Mark the zenith distance north if the zenith is 
north of the body when on the meridian, south if the zenith is south of the body. 

Take out the declination of the body from the Nautical Almanac for the time 
of meridian passage, having regard for its proper sign or name. 

The algebraic sum of the declination and zenith distance will be the latitude. 
Therefore, add together the zenith distance and the declination if they are of the 
same name, but take their difference if of opposite names; this sum or difference 
will be the latitude, which will be of the same name as the greater. 

If the altitude of a celestial body is observed when the body Is exactly on the 
meridian, the latitude obtained is accurate because the sight obtained is independent 
of any error in the dead reckoning position and any error in time will affect only 
slightly the value of the declination used. For practical purposes, work all observa- 
tions for latitude to the nearest tenth of a minute of arc. 

Example.—At sea, June 21, 1937, in Long. 60° W., the observed meridian altitude of the 
ea eee was 40° 04’; sun bearing south; I. C., +3’.0° height of the eye, 20 feet: required 

e€ ° 


h,, 40° 04'.0 (Tab. 40), +15’.0 Dec. 164, 23° 26.8 N. G. A.T., 16% 00= 
Corr., + 13 .4 age corr., — rt 2 Eq. t., 01 
hy. 40 17.4 I. C., + 3.0 G.C.T., 165 01™ 
Zz, 49° 42'6N.._— Corr, +13 .4 

d, 23 26 .8N. 


L, 73 09 .4N. 
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Example-—At sea, April 14, 1937, in Long. 140° E., the observed meridian altitude of the 


sun’s lower limb was 81° 15’.5; sun bearing north; I. C., 


—2’.5; height of the eye, 20 feet; find 


latitude. 
h,, 81° 15’.5 ore 40), +15’.8 Long. 140° E.=9>* 202. L. A. noon, 125 00 
Corr., + 8’.9 oe corr., c a Dec. 25, 9° 12’.5 N. Long,., E., 9b 20= 
h,, 81° 24/4 Lc, —2.5 H.D, 0’ .9 G. A. T, 2) 40™.0 
— G4.C.T., 0+ .7 Eq. t., 5 
z, 8° 35’.68.  Corr., + 8.9 ; ———— 
d, 9 13.1 N. Corr., So 6 G. C. T., a; a 5 
8 0 37.5N. Dec., 9° 13’.1 N. —— 
Example.—At Bea, May 15, 1937, in rong 0°, the observed meridian altitude of the sun’s 
lower limb was 30° 13’.2; sun bearing ‘north; I. C., +1’, 5; height of the eye, 15 feet; find latitude, 
h,, 30° 13/’.2 (Tab. 40), +14’.4 G. A. T. noon, 125 00” 
Corr., + 12 .0 = d. corr., — i - Eq. t., — 4 
he, 30 25.2 LC, +155 G.C. T., 115 56==114.9 
——e — Dec. 10%, 18° 48’.8 N. 
z, 59° 34’.8 8. Corr., +12 .0 <a 
d, 18 49 .9N. H. D., . 0’.6 
—_—_—_-_— G. C. T.. 14.9 
L, 40 44.98. —_—_—_—_. 
. Corr., + 1’.1 
Dec., 18° 49’.9 N. 


Example. ry anuary 


1, 1937, the observed meridian altitude of the star Sirius bearing south 


was 53° 23". 7;1.C.,41' 0: height of eye, 30 feet; find latitude. 
h,, 53° 23/.7 ie 40), —0’.7 Dec. Sirius, 16° 37’.8 8. 
ITr., — 5 .1 —5 .4 
—__--—— I. C., +10 0 
h,, 53 18 .6 
Ee Corr., —5 1 l 
Z, 36° 41’.4N. 
d, 16 37.88. 
L, 20 03 .6N. 


ie Ezample.—June 18, 1937, in Long. 65° W., 
of the sun’s 


lower limb was 8° 16’.2 below the pole; height of eye, 20 feet; I 


in a high northern ees the meridian altitude 
. C., 0.0; find latitude. 


h,, 8° 16.2 (Tab. 40), +9’.8 rouge 65° W=45 20= 
Corr., + 5 .2 dd., corr.—0O .2 T. of lower culmination, 45 20™; 
——_— H. E., —4 4 Eq. t.—15* 
hg, 8 21.4 —_— Kontor. G. C. T. 42.3 
ae Corr., +5 .2 H.D., 0’.1 
81° 38 .6 8. Dec. 45, 23° 11.3 N. G.C. T., 04.3 
130°—d, 156 48.7 N. ———— 
——_—_--— Pp, 66° 48’.7 Corr.,  0’.03 
Lat., 75 10.1 N. 180°—d, 156° 48’.7 
Alternative method 
h, 8° 21'.4 
Pp, 66 48.7 
Lat., 75 10.1N. 


Example.—July 17, 1937, in eta 80° W., 
:1.C. +2'.0 


upper limb bearing north was "59° 06'.7 


, 

he, 59° 06’.7 H. P., 54 2 
I.C., ee 2.0 Dec. 184,16, 20° 32.2 8. 

ee Corr. 3m, 2 

59 08.7 —_—_—- 
Corr., + 8 .2 Dec., 20° 32’.4 8. 
ho, 69 16.9 (Tab. 41) +12'.5 

—ee H.E., — 4.3 
Fd 30 43.18. 

20 32.48. Corr., + 8.2 
L, 51 15.58. 


the observed meridian altitude of the moon’s 


; height of eye, 19 feet; find the latitude. 
GQ. O. T. of Gr. transit, 196 a Long. 80° W = 55.33 
Corr. for Long., + Var. per hr., 2m 
L. C. T. of local transit, 19 43 Corr., 10=.66 
Long. W., 5 20 
G. C. T. local transit, 1b 03™ July 18. 
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Example.—At sea, October 3, 1937, in Long. 75° oe the observed meridian altitude of 


Jupiter, bearing south, was 51° 25’.3; height of eye 30 feet; 


. C.+3’.0; find latitude. 


h, 51° 25’.3 (Tab. 40), —0’.8 G. C. T. of Gr. Transit, 185 31™= 
Corr., — 3.2 H. E., —5.4 Corr. Long. 55 E., + 1 
——_—_— I. C., +3 .0 
ho, 51 22.1 — L. C. T. of local transit, 18 32 
eo Corr., —3 .2 Long. E., 5 00 
Z, 38 37 .9N. 
d, 22 40.58. G. C. T. of local transit, 13 32=135.5 
——___—— 
Lat., 15 57.4N. 
Dec. 04, 22° 40’.8 8S. Diff. 245, 0’.5 
Corr. 135.5, — 3 —— 
—_—__—__ Corr. 125, 25 
Dec. 22 40.58. Corr. 15 32, .03 Page 154 N. A. 
Corr., .28 


Exam He ae .—At sea January 2, 1937, in D. R. Lat. 33° 17’ N.; Long. 
altitude of sun’s lower limb bearing south at dip was 33° 35’.5; ao 


watch 125 01™ 01"; C— W 35 03” 09°; chron. slow 1™ 05; find latitude. 


45° 17’ W.; the sextant 
1’.0; height of eye 31 feet; 


W., 125 017 O1* h,, 33° 35/.5 (Tab. 40), +14’.7 Dec. 145, 22° 55’.5 8. 
C—W., 3 03 O9 Corr, + 8 .6 aos, corr., + ° = Corr. 1, 2 
Chron., 15 04 10 h, 33 44.1 i: C.,’ — 1.0 Dec, 22 55.38. 
C. C. (slow), + 1 05 —————— —- —_—_——— 
——_—_—_———- 4, 56 15.9N. Corr., + 8.6 H.D., 0’.2 
G. C. T., 15 05 15 d, 22 55.38. G. C. T., 15.1 
Lat., 33 20.6N. Corr., 22 


Plotting the above example by intercept, for position line. 
D. R. Lat., 33° 17.0 N. 


Dec., 22 55.38. 

Zz, 56 12.3 

h,, 83. 47.7 

ha, 33 44.1 

Int., 3 .6 away from 180° 


From D. R. Lat. 33° 17’ N; Long. 45° 17’ W., 3.6 miles away from sun on azimuth 
180° draw position line perpendicular to the azimuth. 

Constant.—In working the meridian altitude for latitude it is convenient to 
arrange the terms beforehand so that the computation 1s completed with the excep- 
tion of applying the constant to the observed altitude, which gives at once the latitude. 
It is assumed that the noon longitude by dead reckoning i is accurately enough known 
to correct the declination, also the approximate meridian altitude for its correction; 
: the ii is not known, it may readily be found from the declination and approximate 
atitude 

Generally speaking, 

Lat.=Zenith distance+ Dec., 
= 90°—True Alt.+ Dec., 
= 90°—(Obs. alt.+Corr.)+ Dec., 
= (90°-++ Dec. —Corr.)— Obs. alt., 


in which the quantity (90° + Dec. — Corr.) may be termed a constant (K) for the 
meridian altitude of the day, as it remains the same regardless of what the observed 
altitude may prove to be. The constant-having been worked up before the observa- 
tion is made, the latitude will be known as soon as the observed altitude is applied. 

To avoid the confusion that might arise from the necessity of combining the 
terms algebraically according to their different names it may be convenient to divide 
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the problem into four cases and lay down rules for the arithmetical combination of 
the terms disregarding their respective names as follows: 


Case I. Lat. and Dec. same name, Lat. greater, +90°-+ Dec.—Corr.—Obs. alt. 
Case II. Lat. and Dec. same name, Dec. greater, —90°-+ Dec.-+Corr. + Obs. alt. 
Case III. Lat. and Dec. opposite names, +90°— Dec. —Corr.— Obs. alt. 
Case IV. Lat. and Dec. same name, lower transit, +90°—Dec.-+ Corr.+ Obs. alt. 


The correctness of such an arrangement will become readily apparent from an 
inspection of figure 70. The assumption has been made that the correction to the 
observed altitude is positive; when this is not true the sign of the correction must 
be reversed. 

As examples of this method, the first, second, fourth, and fifth of the examples 
previousl idle illustrating the meridian altitude will be worked, using the constant; 


the details by which Corr. and Dec. are obtained are omitted, being the same as in 
the originals. . 
ist EXAMPLE 2D EXAMPLE 4TH EXAMPLE 5TH EXAMPLE 
Case I Case IT Case III Case IV 
+ 90° 00.0 —90° 00’.0 -+90° 00.0 -+90° 00’.0 
Dec., +23 68 Dec., +9 13.1 Dec., —-16 37 8 Dec., -23 11.3 
Corr., _ 13 .4 Corr., + 8.9 Corr., + 6.1 Corr., + 5.2 
Constant, +113 13.4 Constant, —80 38. Constant, +73 27 .3 Constant, +66 653 .9 
he, — 40 04.0 ’ +81 15.5 he, —53 23.7 he, +8 16.2 
Lat., 73 00 .4(N.) Lat., 0 37.5(N.) Lat., 20 03 .6 (N.) Lat., 75 10.1(N.) 


REDUCTION TO THE MERIDIAN 


Should the meridian altitude be lost, owing to clouds or for other reason, alti- 
tudes may be taken near the meridian and the times noted by a watch compared 
ae oe chronometer, from which, knowing the longitude, the hour angle may be 

educed. 

If the observations are within 28™ from the meridian, before or after, the correc- 
tion to be applied to the observed altitude to reduce it to the meridian altitude may 
be found by inspection of Tables 29 and 30. Table 29 contains the variation of the 
altitude for one minute from the meridian, expressed in seconds and tenths of a 
second. Table 30 contains the product obtained by multiplying the square of the 
minutes and seconds by the change of altitude in one minute. 


Let a=change of altitude (in seconds of arc) in one minute from the meridian: 
H=menidian altitude; 
h,=corrected altitude at observation; and 
¢=interval from memndian passage. 


The value of the “reduction to the meridian” altitude for any observed ex- 
meridian altitude is found by the a er ; 
= otat ’ 


a being found in Table 29, and a#? in Table 30; hence the following rule: 

Find the hour angle of the body in minutes and seconds of time or find the value 
in arc. Take from Table 29 the value of a corresponding to the declination and the 
latitude. Take from Table 30 the value of aé? corresponding to the @ thus found and 
to the interval in minutes and seconds of time, or in arc, from meridian passage. 
This quantity will represent the amount in minutes and tenths of arc necessary to 
reduce the corrected altitude at the time of observation to the corrected altitude at 
the meridian passage; i 1s always additive when the body is near upper transit, and 
always subtractive when near lower transit. 

Table 29 includes values of the latitude up to 60°, and those of the declination up 
to 63°, thus taking in all frequented waters of the globe and all celestial bodies that 
the navigator is likely to employ. No values of a are given when the altitudes are 
above 86° or below 6°, as the method of reduction to the meridian is not accurate 
when the body transits very near the zenith, and the altitudes are questionable when 
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very low. In case it is desired to find the change of altitude in one minute from noon 
for conditions not given in the tables, it may be computed by the formula: 


__1’.9635 cos L cos d 
sin (Ld) 


- Due regard must be paid to the names of the declination and latitude in working 
cars ker if they are of opposite names, then L and d are added together to 
obtain L~d. 

Table 30 contains values of at? up to the limits within which the method is con- 
sidered to apply with a fair degree of accuracy. When beyond the limit of the table 
it would seem preferable to employ any altitude and azimuth formula, described 
hereafter, and then lay down a regular line of position. 

When employing the method of reduction to the meridian the resulting latitude 
is that of the vessel at the instant of observation, and to bring it up to noon the run 
must be applied. The declination should properly be corrected for the instant of 
observation; with the sun or a planet, it is sufficiently accurate to use the declination 
at meridian passage, unless the interval from the meridian be quite large; but the 
moon’s declination changes so rapidly that the exact time of observation must be used 
in its correction when working with this body. 

Exrample.—In D. R Lat. 47° S., having previously bia up the constant for meridian altitude, 


78° 42’.2, observed altitude of sun near meridian, 31 ’ 50’’; Dec. 11° N.; watch time 115 40™ 215, 
watch fast of L. A. T., 07%; find the latitude. 


Watch time, 115 40™ 21s ha, 31° 11.8 a (Tab. 29), 1/'.6 

Watch fast, — 07 af?, + 10.4 

L. A. T., 11 40 14 Mer. alt., 31 22 2 "0 6.5 
onstant ‘ 6=< 3.9 

t, 05 19™ 46 E, Bie ee af? (Tab. 30),)_""* 

or Arc., 4° 56.5 Lat., 47 20.08. 1 6=10 .4 


Example.—At sea, July 12, 1937, in D. R. Lat. 50° N., Long. 40° W., observed circummeridian 
altitude of the sun’s lower limb, 61° 48’ 30’’, chronometer 25 41™ 39*; chro. corr., —2™ 26.38, 
I. C., —3’ 0’; height of the eye, 15 feet. Find the latitude. 


Chron., 25 41™ 39° h,, 61° 487.5 Dec. 145, 21° 59’.3 N. 
Corr., _ 2 26.3 Corr., + 8 .5 ———— 
—_—______— ——__—_. H. D., — 0’.3 
G. C. T., 14 39 12.7 h., 61 57.0 G. C. T. Int., 05.65 
G. H. A., 145 28° 38’.5 (Tab. 40), + 15’.5 Corr., _ 0’.19 
Corr., 39™ 9 45.0 Add. corr., — 0.2 —o 
Corr., 12*.7, . 3 .2 H. E. — 3 .8 Dec., 21° 69’.1 N. 
——_—_—__——_. I. C., — 3.0 
G. H. A,, 38 26.7 W. 
Long., 40 00.0 W. Corr., + 8 .5 
L. H. A. (t), 1 33.3 E. 
ho, 61° 57’.0 a (Tab. 29), 2’'.5 
at?, + 1 .6 
—_—_- 2’’.0=—1'.3 
2, 28 0O1.4N. 2 .5=1 .6 


d, 21 59.1 N. 
L, 50 00.5 N. 


The method of reduction to the meridian is not used so much nowadays, since 
in a uniform process for the solution of any sight, regardless of the celestial body’s 
position with relation to the meridian, it is better to solve in this case also for a line 
of position. (See page 177.) 
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Ezample.—At sea July 1, 1937, p.m.in D. R. Lat. 2° 00’.0 N.; Long. 99° 19’ W.; the 
sextant altitude of the star 8 Crucis bearing southward near the meridian was 28° 46’.0; I. C. +1/.0; 
height of eye 30 ft.; watch 65 00™ 30*; C— W 65 59 30°; chron. fast 6 15°; find latitude by reduc- 
tion to the meridian. 


W, 6» 00= 30° ha, 28° 46/0 (Tab. 40), —1..8 Deck 59° 21.28. 

C—W, 6 59 380 Corr., —6 2 H. E., —5§ 4 ‘ 
ee eee I. C., +1 .0 

Chron., 1 00 00 he; 28 39 8 Beal 

Fast, —6 15 al?, +2 .4 Corr., —6 .2 

G.C.T. , 0 53 45(2July) 4, 28 42.2 

G. H. A. 05, 88° 35’.6 z, 61 17.8N. 

Corr., 53", 13 17 2 d, 59 21.28. 

Corr. 45%, 11 3 ee 
—_——_ Lat, © 1 56.6N. 

G. H.A., 102 04.1 W. 

Long,, 99 19.0 W. 


L. H. A., 2 45.1 W. 
a=1’’.2 (Tab. 29). 
a? —2’ .4 (Tab. 30). 

Diagram—Advantages are gained in working out meridian altitudes and reduc- 
tions to the meridian, in finding the constant (k) for a meridian altitude or a reduc- 
tion to the meridian, and in predicting the approximate altitude of a body to be 
observed on or near the meridian, by projecting, in a 

uickly and roughly drawn diagram on the plane of Z 
the meridian of the observer, the known data entering 
into the problem. The diagram or figure will show 
at once how to combine the data to find the required 
result, and its use tends greatly to accuracy. It is 
only necessary to know the meaning of the terms 
already defined and to remember the single principle N 
that the latitude of a place is equal to the declination S 
of its zenith. 

In every case draw a circle (a rough approxima- 
tion will do) to represent the plane of the meridian, as 
in figure 71. The center O is the position of the 
observer. Draw a horizontal line through O, mark- 
ing its intersection with the circumference on the Fiaure 71. nt 
right-hand side S and on the left-hand side N. Erect 
a perpendicular to this line at O and mark its intersection with the circumference Z. 
The line NS is the horizon; Z is the zenith. Thearc ZSis that portion of the meridian 
between the zenith and the south point of the horizon; the arc ZN is that portion of 
the meridian between the zenith and the north point of the horizon. If the meridian 
altitude of a body is known (i. e., its altitude above the horizon on the meridian), 
and if itis known whether it bears to the southward or to the northward, its position 
can be projected at once on the figure. Having the position of the heavenly body on 
the meridian and knowing the declination of the body, it is evident where to draw in the 

rojection of the equator. ve the projection of the equator, the angular distance 
arenes the equator and the zenith (i. e., the declination of the zenith) is the latitude. 

Thus in figure 72, supposing the meridian altitude of any celestial body, M, has 
been observed, and that at the time of observation it was bearing south; also that the 
declination, d, of the body wassouth. Itis known that the true altitude, h, observed 
altitude+ altitude corr. Since the body bears south, if the true altitude is 2, the 
pothen of the body, M, can be located by laying off the are SM=hA, or by drawing 

M so that the angleSOM=h. This gives the position of the celestial body on the 
meridian. Since this body is south of the equator by the amount of the declination, 
the position of the equator may be drawn by laying off the angle MOQ=d. OQ is the 
projection of the equator, and the arc ZQ (or the angle ZOQ), being the declination of 
the zenith is equal to the latitude. The formula for finding the latitude may be 
written by inspection of the figure: 

L=90°— (h+d)=90°—h—d. (1) 
Since h=obs. alt.+corr., 
L=90°— obs. alt.+corr.—d. (2) 
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By a similar process formulas may be written for determining the approrimate 
altitude of the celestial body when on the meridian and for getting a noon constant (K). 
. The former is necessary to get the altitude correction before taking the sight; the latter, 
so that the latitude may be obtained as soon as the altitude is read from the sextant. 
In these cases the D. RK. latitude and longitude, which have to be worked out in ad- 
vance for noon, are used. The longitude 1s used to get the correction to be applied to 
the equation of time to get the G. C. T. of local apparent noon in order to get the correct 

declination at local apparentnoon at the noon position. 
Knowing the approximatelatitude and the declination, 


Z 
: they are projected on the figure in this way. If the 
latitude is north, the zenith 1s to the northward of the 
equator by the amount of the latitude, and to get the 
poses of the equator lay off the angle ops pala 
f the latitude were south, the equator would of course 
N S 


be on the north side of the zenith by the amount of 

the latitude, and OQ would be on the north side of the 

circle. Having the position of the equator, draw in 

the position of the celestial body by laying it off to 

the north side or to the south side of the equator 

according to the amount and direction of its declina- 

tion. The angle between the horizon and the celestial 

Fioure 72. body will be the altitude of the body. This is the 

usual method of plotting, and all that has to be done 

is to lay the angles off on the proper sides, ae them appropriately, and then write 

down the formulas. Suppose it 1s required to find the approximate noon altitude. An 
inspection of the figure shows that 


approx. h=90°— (L+d), where L is the D. R. Lat. (3) 


Suppose it is required to find the constant (K) for a meridian altitude. It is 
seen from the figure that 


L=90°—h—d=90°—obs. alt. +corr.—d 
=K—obs. alt. (h,) 


K=90° +corr.—d. (4) 


or 


In the same way any combination may be plotted, and the correct formulas may 
be written out at once. Suppose on a certain day it is found that at noon the position 
will be approximately Lat. 10° S., Long. 30° 15’ W., and that the declination of the 
sun at noon, corrected for G. C. T. of local apparent noon at the noon position, is 
20° 30’ .0 S., and it is desired to find the approximate noon altitude and obtain the 
constant K. Draw the circle representing the plane of the meridian (see fig. 73), 
draw NS representing the horizon, and OZ representing the line to the zenith. Since 
the approximate latitude is 10° S, the equator must be 10° north of the zenith, and 
OQ is drawn to the north of Z so that the angle ZOQ=10°. OQ is then the pro- 
jection of the equator. The body ane 20° 30’ south of the equator, lay off OM so 
that the angle QOM=20° 30’. SOM will be the approximate altitude, and the 
formula for it 1s 


- approx. h=90°+L—d, (5) 
itis also seen that 


L=h-+d—90°=obs. alt.+corr.+d—90°=K-+ obs. alt. 


or | 
K= +corr.+d—90°. 

If, instead of the formulas for a meridian altitude, the formulas for a reduction 
to the meridian are required, there is no change in the figure or the method. The 
altitude observed before or after noon is corrected to make it the noon altitude by 
the formula h=h’ +-aé?, where h is the noon altitude, h’ the altitude observed ¢ minutes 
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before or after noon, and a the rate of change of altitude near noon. So that in the 
case shown in figure 73 
L=h-+d—90°=h’ +a#?+d—90° 
=obs. alt.-+corr.-+aé?+d—90° 
=K-+obs. alt.(h,) (6) 
K= + corr.-+aé?+d—90°. 


The formula for the approximate value of h, as shown in (5), is used for getting 
the altitude correction in this case, as the slight difference in altitude makes no change 
in the correction. 

__ The formula for latitude, given in equation (6), ZeM™M 
is the formula for the latitude at noon at the point 2 


where the observation was taken. Buta vessel steam- 
ing on @ course does not remain at that point, and 
what is desired is the correct latitude of the vessel’s 
position atnoon. If L’ represents the latitude of the 
lace where the observation was taken and L the y S 


atitude of the place where the vessel is at noon, then 

L=L’+ AL, where AL is the change in latitude 
from the time of observation until noon. This is 
taken from the traverse tables. But from equation 
(6) it is seen that L’=obs. alt. +corr.-++aé?+d—90° 


. L=L/ + AL=obs. alt.+corr.-+at?+d—90°+ AL. Wave 7. 
=K-+ -obs. alt. 
or 
K= -+ corr. +aé#?+d—90°+ AL. 


or 


Polaris method.—This method, confined to northern latitudes, is available when 
the star Polaris and the horizon are distinctly visible, the time of the observation being 
notec at the moment the altitude is measured. The altitude of pole=Latitude of 
place. 

Reduce the observed altitude of Polaris to the true altitude. 

Reduce the time of observation to the local sidereal time. 

With this sidereal time take out the correction from Table I (Nautical Almanac), 
and add it to or subtract it from the true altitude, according to its sign. The result 
is the approximate latitude of the place. 

Ezample.—June 10, 1937, at about 225 30™ (105 30™ p. m.), local civil time, when the Green- 


wich civil time is June 11, 35 36™ 30°, in longitude 74° west of Greenwich, suppose the true alti- 
tude of Polaris to be 39°46’, required the latitude of the place. 


h m e 

re CO hae ee ee es De ee Be eee a el 3 36 30 

R. A. M. 8. Lene eR Rane ee a een nteaeD ee Aenea EERE Wi ECet Ste R gE eee co NPC ee 17 15 40 

Reduction (Table 39) for G. C. T_.____-_----_- eee + 36 

Be ce Ss ah ee a Btn PD te echt tee tale Th eel i bo i 20 52 46 

Dongitude, 74° W 2 2.2252.25s65ses ese aust cee ens kt soe ee 4 56 00 

1 TRS Pd Lyfe tae pnp eR ent el PSP eR SOE nee eNOS SE ae Set eel 15 56 46 

° , 

PTO GIGIWUdC 23 3 eee coeliac es Jeet eos 39 46.0 

Corr. (Table I, Nautical Almanac) _____._-__.-..------.----------- + 0 51.6 
TAUIGUGG oi See ee ea eee cee eer eecn Ses 40 37.6N. 


Alternative method.—The above example ig es be worked by finding the 
Greenwich hour angle of Polaris in the Nautical anac for the proper G. G, T. 
then using the hour eat as an argument and entering Table III (N. A.), take out 
the correction to be applied to the true altitude to give latitude. 
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By entering Table IV (N. A.) with the same argument of hour angle and also with 
the latitude, the azimuth may be obtained. 


G. H. A. for 04, G. C. T. June 11, 233° 44’.3 W. (N. A. page 261.) 


Corr. for 3 36™ 30° 54 16.4 
G. H.A.,, 288 00.7 W. 
Long., 74 00.0 W. 
L. H. A., 214 00.7 W. 
True altitude, 39° 46’.0 
Corr. L. H. A. (Tab. ITI, N. A.) + 51 .4 
Lat., 40 37 .4N. 


With L. H. A. 214° and Lat. 40°.6 as arguments in Tab. IV (N. A.) the azimuth 
found is N. 0°.8 E. 


Azimuths of Polaris offer a ready means of checking the error of the compass 
when the altitude is suitable. | 

Polaris may be readily picked up in the sextant glass at twilight, before other 
stars are visible, by computing beforehand the altitude of the star from the approxi- 
mate D. R. position. t this altitude (with the sign of correction from Table 40 
reversed and applied) on the sextant, then look toward the north spout of the horizon, 
and in a few moments the star will be seen in the telescope. No shade glasses are 
used and the horizon at this time is often very clear and distinct. 


Geocentric, astronomical, and geographic latitudes.—The shape of the earth is that of an oblate 
heroid which gives rise to three different kinds of latitude namely, Geocentric, Astronomical, and 
eographic. The navigator, in working sights for latitude, is interested only in geographical lati- 

tudes. The geocentric latitude of a place is the angle subtended at the center of the earth, between 
the plane of the equator and the radius of the earth, which passes through the place. The astro- 
nomical latitude is the angle between the plumb line, or line of action of gravity at the observer’s 
station and the plane of the equator. It is measured on the celestial sphere, along the meridian 
from the equator to the zenith. Suppose an observer is at a point O (fig. 73a) which is a meridian 
section of the earth, with the oblateness exaggerated, the geocentric latitude is the angle OCQ. 
If a plumb line is continued downward to the fa preven to point A, then angle OAQ is the astronomical 
latitude. From figure 73a, the astronomical latitude is noted to be greater than the geocentric, 


FIGURE 734. 


because <OAQ is equal to <OCQ+<COA, except when the observer is at the pole or the equator, 
when the two kinds of latitude become equal The greatest difference between them anywhere on 
the earth is only about 11’ (in lat. 45°). The direction of the plumb line in many places is often 
affected also by the gravitational pull of the mass in high mountains in the vicinity, or by the density 
of rock below the surface, but the deflection of the vertical is never more than a few seconds of arc. 
After the astronomical latitude is corrected for these local irregularities, it is then called the geo- 
aphical latitude. For all practical purposes of navigation astronomical and geographical latitude 
is thesame. It is geographical latitude that is always determined at sea. Charts and maps are grad- 
uated and corrected for geographical latitude. Geocentric latitude is not used. The adoption of 
geographic latitude makes: unnecessary any further consideration of the ellipticity of the earth’s 
meridian in astronomical work at sea. However, when working with geographical latitude, it is 
much more simple to assume that the zenith direction passes through the center of the earth. 


CHAPTER XII 


LONGITUDE 


The longitude of a position on the earth’s surface is measured by the arc of the 
equator intercepted between the Greenwich, or prime meridian, and the meridian 
pe through the place, or it is the difference between the hour angle of a celestial 

dy from the Greenwich meridian and ite hour angle at the same instant from the 
] meridian. Longitude at seais determined by means of chronometers corrected 
for error by frequent radio time signals, and the sextant. 

__ Time sight.—The method used for finding longitude at sea is that of the “time 
sight.”” The altitude of the body above the sea horizon is measured with a sextant 
and the chronometer time noted. The problem consists in finding the hour angle from 

iven values of altitude, latitude, and polar distance. Of the three elements, altitude, 

eclination, and latitude used in the solution of the astronomical triangle, the only 
uncertain element is the latitude. Results are most accurate when the body is on or 
near the prime vertical, as then an error in latitude has the least effect. | 
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In figures 74 and 75 are given: 
AM=A, the altitude of the body M; 
DM=d, the declination; and 
Q’Z=L, the latitude of the place. | 
In the astronomical triangle PMZ there may be found from the foregoing: 
ZM =z, the zenith distance of the body,=90°—/; 
PM= >, the polar distance, =90°+d; and 
PZ=co. L, the co-latitude of the place, =90°—L. 
From these data it is required to find the angle MPZ, the hour angle of the 
body,=t. This is given by the formula: 


sin? 4 -—008-4 G+L-+p) sin } Lt-p—h), 


cos L sin p 
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If s=4 (h+L-+ 2), this becomes: 
sin? 4 ¢=sec L cosec p cos 8 sin (s—h). 


1—cos f 


9 =haversine ?, then: 


Since sin? 4 t= 
hav t=sec L cosec p cos g sin (s—h). 

The polar distance 1s obtained by adding the declination to 90° when of different 
name from the latitude, and subtracting it from 90° when of the same name. Like 
latitude and altitude, it is always positive. 

f the sun is the body observed, the resulting hour angle is expressed as local 
apparent time either a. m. or p. m. according as the altitude is observed in the fore- 
noon or afternoon, or it is expressed in arc. For any other celestial body the local hour 
angle found may be an angle either east or west of the meridian according as the body 
is rising or setting. The value of the hour angle is taken from the haversine table 
(Tab. 34) either in time or arc. The difference between the Greenwich apparent time 
as deduced from the watch time and the local apparent time as deduced pon the sun 
observation, is the longitude; or the difference between the Greenwich hour angle in 
arc, as taken from the Nautical Almanac for the G. C. T., and the deduced local hour 
angle in arc, is also the longitude. 

The hour angle of a star, a planet, or the moon, added to its night ascension when 
west of the meridian at observation, or subtracted therefrom when east of the me- 
ridian, gives the local sidereal time. The difference between Greenwich sidereal time 
and local sidereal time is the longitude. If the Greenwich sidereal time is greater than 
the local sidereal time, the longitude is west. 

In determining the longitude at sea by this method, it is necessary to employ 
the latitude by D. R. This 1s seldom correct, and a chance of error is therefore intro- 
duced in the resulting hour angle. The magnitude of such an error depends upon 
the position of the body relative to the observer. The employment of the Sumner 
pomue line, which is to be eres in a later chapter, insures the navigator against 

eing misled by this cause, and its importance is to be estimated accordingly. ork 
observations to the nearest 6 seconds of arc, or to the nearest tenth of a second of time. 

Example.—At sea May 18, 1937, in D. R. Lat. 41°34’ N. Long. 33°27’ W. the sextant altitude 


of the sun’s lower limb was 29°41’.0; watch time 75 24™ 44°; C— W 25 17™ 06: chro. corr. slow 10°; 
I. C.—30’; H. E. 30 ft. Find longitude. 


Watch, 7h 24m 4458 h,, 29° 41’.0 Dec. 84, 19° 29’.0 N. 
C.—W., 2 17 06 Corr., +8 .4 ' Corr., +1 .0 
Chro., 9 41 50 he, 29 49.4 Dec., 19 30.0N. 
C. C. (slow), +10 —_—__ —_—__— 
——————_——— (Tab. 40), +14’.4 H. D., +0’.6 
G. C. T., 9 42 00 Add. corr., —0.1 G. C. T., 14.7 
Eq. t., +3 42.4 H. E., —5 .4 ——__— 
———_—__—_- I. C., —0 .5 Corr., 1 .0 
G. A. T., 9 45 42.4 —__—— Ps =70° 30’.0 
h, 29° 49’ 24’ Corr., +8 4 
L, 41 34 00 sec, 0.12599 
P; 70 30 00 cosec, 0.02565 
2)141 53 24 Eq. t., 85= +3™ 42.58 
, 70 56 42 cos, 9.51386 ars = 
s—h, 41 O07 18 sin, 9.81800 Eq. t., = +3™ 42.48 
L. H. A., 45 27™ 54°.2 BE. hav.t., 9.48350 
L.A.T., 7 32 05.8 
G. A. T.,.9 45 42.4 
Long., 2 13 36.6 W. 


or, 33° 24’.2 W. 
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This ex ample m may be worked by taking directly the G. H. A. from the Nautical 
Almanac as fo 
G. C. T., 9b 42™ O0* 


G. H. A. 85, 300° 55’.6 
Corr. 15 42", 25 30.0 


G. H. A, 326 25.6 W. 


From the above computation hav. t=9.48350, then the value of the local hour 
angle in arc is 66° 58’.5 E., there is then obtained, 


G. H. A., 326° 25’.6 W. 
L.H.A., 66 58.5 E. 


24 .1 W. 


393 
(Subtract) 360° 
Long., 33° 24’.1 W. 


Ezxample.—At sea April 16, 1937, p.m. in Lat. 11° 47’ S; Long. 0° 50’ E, b by D. R. the observed 
cg) i the star Aldebaran ‘west of the meridian was 23° 13’ 50”: chron. 6 58™ 29": chron. fast 
2™ 27°; I. C.—2’; height eye 26 feet; find longitude. 


65 58™ 29° h,, 23° 13.3 R. A.x*K 45 32m 19°.2 
C. ast " Ciast), — 2 27 Corr., — 9.3 Dec.*« 16° 23’.0N. 
—____——_——_ ———- 2, 106° 23’.0 
G. C. T., 18 56 02 ho, 23 04.0 
R. A. M. 8.+125 138 34 52.6 —_—_ 
Corr. G. C. T. (Tab. 39), 3 06.6 (Tab. 40), — 2’.3 
_ H. E., — 5 .0 
G. 8. T., 8 34 01.2 I. C., — 2.0 
R. AK, | 4. 32 19.2 —___—_—. 
= Corr., _ 9 .3 
G. H.A., 4 01 42.0 W. 
h, 23° 04’ 00” 
L, 11 47 00 seC, 0.00925 
D, 106 23 00 cosec., 0.01800 
2)141 14 OO 
8, 70 37 00 cos, 9.52099 
s—h, 47 33 00 sin, 9.86798 
L.H. A., 45 05@ 39° W. hav.t., 9.41622 
G.H. A. 4 O1 42 W. 


Long,., 0 03 57 E. 
or, 0° 59'.3 E. 


or the G. H. A. may be taken directly from the Nautical Almanac under the star Aldebaran for 
April 16, as follows: 


G. C. T., 18> 56™ 02s From the above computation, hav. ¢.=9.41622, then 
the value of the local hour angle in arc is 61° 24’.8 W. 
G. H. A., Apr. 16, 135° 38’.3 


Corr. 18* 56", 284 46. : 


Corr. 2°, 
G. H.A., 60° 25 .4 W. 
LAA, 61 24.8 W. 


Long., 0 59.4E. 
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Example.—December 11, 1937, in D. R. position Lat. 35° 00’ N.; Long. 140° 12’ W., about 
55 45™ p. m., observed the planet Jupiter bearing southwestward, atieade 26° 38’ 40’’, I.C.+1’ 30”; 
height eye 36 ft.; watch 55 48™ 03"; C— W, 85 20™ 45s; chron. slow 0™ 02". Find longitude. 


W.T., 5b 48m (3s Dec. Dec. 12, _20° 59’. Se. Diff. 245 =2’.5 
C—W., 8 20 45 Corr., Prop. Pts., .2 
Chron., 2 06 48 Dec., 20 8.6 
Corr. (slow), + 02 
G.C.T. Dec. 12, 2 08 5 
ns Var. per min. 15’.0319 For 25 
G. H. - Dec. 12, 139° 48.4 —_—_— —_—- 
Corr 30 03 8 For ae 03, 2b, 30° vase 15:08 =30° 03’.6 he, 26° 28°.7 
Corr. o 2 00.2 Corr 0019, 15:04 =30 04.8 Corr., — 6 3 
Corr. 509, 12 .5 -__ —_—- 
Corr. 2, 30 088 Diff. = 1’.2 he, 26 22.4 
G. H.A., 172 04.9 W. For 15.0319=.19X1.2=.22 
Tab. 40, ~ 1’.9 
H.E., — 5.9 
L C., + 1 e) 
Corr., = 6.3 
h, 26° 22’ 24" 
L, 35 00 00 sec., 0.08664 
D, 110 59 36 cosec., 0.02983 
2)172 22 00 
8, 86 11 00 cos., 8.82324 
s—h, 59 48 36 sin., 9.93669 
L. H. A., 381° 50’.3 W. hav. t., 8.87640 


G. H. A., 172 04.9 W. 


Long., 140 14.6 W. 
Alternative method for the above example, 
ho, 26° 22’ 24’ 


z 63 37 36 nat.hav., 27789 
(Lad), 55° 50.6, nat hav, 29035} @ubtract.) 


nat. hav., 05754 


log. hav., 8.75997 
Lat. 35° 00’ 00’’N. sec., 0.08664 
Dec., 20 59 36S. sec., 0.02983 


L. H. A., 31° 50’.4 W. log. hav., 8.87644 
G. H. A., 172 04.9 W. 


Long., 140 14.5 W. 


The nat. hav. of (L~d), the secant of latitude, and the secant of declination, can be looked 
up before the sextant altitude is taken. 
The formula for this alternative method is derived as follows: 
On page 182, there is given, 
hav. 6=cos. L cos. d hav. t (1) 
hav. z=hav. (L~d) +hav. 6 (2) 
from (1) hav. t=hav. 6 sec. L sec. d 
from (2) hav. z—hav. (L~d) =hav. @ 


The “time sight” to give a longitude is generally used only when the latitude 
has been accurately determined. en latitude is not accurately known modern 
navigators prefer to use one of the several short methods to obtain a “ine of posi- 
tion.” When two or more such “lines of position,” resulting from approximately 
simultaneous observations of as many celestial bodies, are plotted on the chart, they 
should cross in a point, which at once fixes both the longitude and latitude. This 
procedure will be explained i in a later chapter. 


CHAPTER XIII 
AZIMUTH 


The azimuth of a body is the arc of the horizon intercepted between the meridian 
and the vertical circle passing through the body. Azimuth, in most cases, is measured 
from 0° to 360°, clockwise from the north. Sometimes it is measured from the north 
point of the horizon in north latitude and from the south point in south latitude 
through 180° to the east or west. Thus, if the bearing of a body is NW., its azimuth 
would be N. 45° W. in north, or S. 135° W. in south latitude. Measured clockwise 
through 360° this bearing is 315°. “ 

The azimuth of a celestial body is frequently determined at sea. The com- 
parison of the true bearing with a bearing by compass affords the only means of 
finding the error of the compass, due to variation and deviation. 

The Azimuth Tables (H. O. Pub. No. 71) give the azimuth of the sun at rising 
and setting and can be used for finding the compass error. 

The amplitude is the arc measured between the position of the body when its 
true altitude is zero and the east or west point of the horizon. The amplitude is 
measured from the east point at rising, or from the west point at setting, toward the 
north or south according as the declination of the observed body is north or south. 

Amplitudes are seldom used in modern practice. 

The method of obtaining compass error by amplitudes consists in observing 
the compass bearing of the celestial body when its center is in the true horizon. 
Since the body can only be referred to the visible horizon and being subject to vertical 
displacement due to refraction, parallax and dip, an observation taken near the 
visible horizon requires a small correction. The true amplitude is given in Table 
27 and the correction to the observation is givenin Table 28. To the observed ampli- 
tude, apply the correction at msing in north latitude, or at setting in south latitude 
to the nght, and at setting in north latitude or at rising in south latitude to the left. 

Example.—At sea in Lat. 25° 03’ S., the observed bearing of the star Venus in the visible hori- 
zon at rising was FE. 18° 30’ N., declination 21°.7 N.; find the compass error. 
Enter Table 27, with latitude 25° and declination 21°.7 and true amplitude is E. 24°.1 N.; 


enter Table 28 with the same arguments and the correction to the observation is 0°.3; since the 
latitude is south and the body rising, the correction is applied to the left. 


bs. amp., E. 18°.5 N. 

orrection, 3 (left) 
Compass amp., E. 18 .8 N. 
True amp., E. 24 .1N. 
Error, 5 .3 W. 


TIME AZIMUTHS 


The true azimuth of a celestial body can be computed for any instant of time- 
This fact is utilized to obtain the compass error by comparing an azimuth observed 
by compass with the azimuth computed for the time of the observation. 

Any celestial body bright enough to be observed with the azimuth circle may be 
selected, but the conditions are best when the altitude is low. The local hour angle 
and declination of the body and the observer’s latitude are obtained, from which the 
azimuth is computed. Take a bearing of the body, bisecting the body if its disc 1s 
appreciable. Note the watch time of the observation. Find the G. C. T., and 
then the local hour angle. The declination is taken from the almanac, and the 
observer’s latitude from the chart. 

To solve the triangle: 


Let S= sum of polar distance and co-lat. 
D= difference of polar distance and co-lat. 
t= hour angle. 
Z=true azimuth. 
Then, tan X=sin D cosec S cot \ #; 
tan Y=cos D sec S cot % 7; 
Z=X+Y, or X~Y. 
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First case.—If the half-sum of the polar distance and co-lat. is less than 90°: 
take the sum of the angles X and Y, if the polar distance is greater than the co-lat.; 
take the difference, if the polar distance is less than the co-lat. 

Second case.—If the half-sum of the polar distance and co-lat. is greater than 
90°: always take the difference of X and Y, which subtract from 180°, and the result 
will be the true azimuth. 

In either case, mark the true azimuth N. or S. according to the latitude, and 
EK. or W. according to the hour angle. It may sometimes be convenient to use the 
supplement of the true azimuth by subtracting it from 180° and reversing the prefix 
N. or S., in order to make it correspond to the compass azimuth when the latter 
is less than 90°. 

Example—At sea Dec. 3, 1937, in Lat. 30° 25’ N., Longitude 81° 27’.8 W., the observed bear- 


ing of the sun’s center was 135° 30’; watch 95 10™ 19°; C-W 55 25 51s; chron. fast 0™ 09+; corrected 
declination 22° 06’.2 S.; find compass error. 


W., Qh 10™ 19° Co. lat., 50° 35°00 Mt, 19° 577.3 Cot, 0.43999 Cot, 0.43999 
C.—W., 5 25 51 P, 112 06.2 8, 85 50.6 Cosec., 0.00114 Sec., 1.13976 

—- " 26 15.6 ~~ Sin, 9.64586 Cos, 9.95260 
Chron., 14 36 10 p+eo. lat., 171 41.2 
C. C. (fast), —09 x, 50 42 Tan, 0.08609 Tan, 1.53244 

8, 85 50.6 y, 88 19 
G.C.T., 14 36 Ol ———— 
——_—_—____—__————-_ p-—co. Iat., 52° 31.2 x+y, 139 01 
G.H. A. 14, 32° 32.8 
Corr. 36, 9 0.0 =OD, 26 15.6 
Corr. 1*, 0 3 
True azimuth, 139° 01’ 
G.H.A., 41 33.1 W. Compass azimuth, 135 30 
Long., 81 27.8 W. 
—_——_—— Compass error, 3 31E. 

L. BH. A. (t), 30 5.7K. 
yt, 19 57 .3 


Example.—At sea in Lat. 2° 16’ N., the observed bearing of the sun’s center was N. 85° 15’ 
E., the local hour angle was 56° 04’ E., and the corrected declination was 7° 38’ N.; find the compass 
error. 


Co. lat., 87° 44’ Y%t, 28° 02’ Cot, 0.27372 Cot, 0.27372 
Pp, 82 22 8, 85 03 Cosec., 0.00162 Sec., 1.06406 
D, 2 41 Sin, 8.67039 Cos, 9.99952 
p-t+co. lat., 170 06 —_—— 
—_——_— xX, 5 03 Tan, 8.94573 Tan, 1.33730 
8, 85 03 y, 87 22 
Co. lat.—p, 5° 22’ y—x, 82 19 
D, 2 41 


True azimuth, 82° 19’ 
Comp. azimuth, 85 15 


Compass error, 2 56 W. 


Ezample.—At sea, in Lat. 16° 32’ S., the observed bearing of Venus was N. 56° 00’ W. 
(304°), the local hour angle was 66° 52’.8 W., and the corrected declination was 23° 12’.0 N.; find 
the compass error. 


Co. lat., 73° 28’ Z th 33° 26/.4 Cot, 0.18021 Cot, 0.18021 
9 


Dp; 113 12 93 20.0 Cosec., 0.00074 Sec., 1.23549 
D, 19 52.0 Sin, 9.53126 Cos, 9.97335 

p+co. lat., 186 40 : ——— 
x, 27 16.0 Tan, 9.71221 Tan, 1.38905 

Ss, 93 20 y; 87 40.0 

p—co. lat., 39° 44’ y—x, 60 24 

D, 19 52 Z, 119° 36’ 


True azimuth, S. 119° 36’ W. (299° a3 
Compass azimuth, 8. 124 00 W. (304 00 


Compass error, 4 24 W. 
ALTITUDE AZIMUTHS 


When the local time is computed from an observed altitude, as in the “time sight’”’, the 
true azimuth can also be computed from the formula given below. This true azimuth 
compared with the observed azimuth by compass will determine the compass error. 

There are given the altitude h, the latitude L, and the polar distance p, to com- 
pute the azimuth Z from the formula hav Z=sin (s—L) sin (s—h) sec. h sec. L, in 
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which s=%(h+L-+p). The resulting azimuth is to be reckoned from the north in 
north latitude and from the south in south latitude. | 


Example.—aAt sea, in lat. 30° 25’.0 N.; the observed bearing of the sun’s center was 135°.5; the 
corrected altitude was 24° 59’.0 and the corrected declination was 22° 06’.2 8; find the compass 
error. 


h, 24° 59’ 00” sec, 0.04267 
L, 30 25 00 sec, 0.06431 
Pp, 112 06 12 

2] 167 30 12 
8, 83 45 


06 
s—h, 58 46 06 sin, 9.93201 True azimuth, 139° O1’ 
s—L, 53 20 06 sin, 9.90425 Compass azimuth, 135 30 


Z; 139° 01’ hav, 9.94324 Compass error, 3 31E. 
TIME AND ALTITUDE AZIMUTHS 


When, at the time of observing the compass bearing of a celestial body, the 
altitude is measured and the exact time is noted, the true azimuth may be computed 
without any teens of the latitude. The declination of the y 1s corrected 
for time of sight and the local hour angle is found. The azimuth is then determined 
from the formula. 


Sin Z=sin t cos d sec h 


Ezample.—aAt sea, Dec. 3, 1937, in lat. 30° 25’.0 N.; long. 81° 27’.8 W.; the observed paiclo 
of the sun’s center was 135°.5; its altitude was 24° 59’.0; hour angle 39° 54’.7, and correc 
declination was 22° 06’.2 8.; find com error. (See example under Altitude Azimuth and first 
example of Time Azimuth, also example on page 181.) 


t, 39° 54’.7 sin, 9.80727 True azimuth, 139° Ol’ 
d, 22 06 .2 cos, 9.96685 Compass azimuth, 135 30 
h, 24 59.0 sec, 0.04267 

Compass error, 3 31 £E. 


Z, 8. 40° 59’ E. sin, 9.81679 


This method has a defect in that there is nothing to indicate whether the com- 
puted azimuth is measured from the north or south point of the horizon, but as the 
approximate azimuth is always known at sea, cases are rare when the solution will 
be in question. If the ad ghar azimuth is not known, the altitude on the prime 
vertical can be computed by the for- 
mula: sin h=sin d cosec L. If the ob- 74 
served altitude is less than the computed B 
one on the prime vertical, the bearing ‘ 
of the sun 1s on the side of the ele- 
vated pole. Thus, if the computed 
altitude on the prime vertical is 30° 50’ 
and the observed altitude is 29° 10’, 
the bearing would be north and east in 
the northern hemisphere for a rising 
celestial body. (See fig. 76.) 

S 


AZIMUTH TABLES EF 


On account of the convenience they Figure 76. 

afford, the Hydrographic Office pub-_ 

lishes two volumes of azimuth tables which are preferred by the navigator to the labo- 
rious method of computation, as given in the preceding examples. In these tables 
the values of azimuth are tabulated for various probable combinations of latitude and 
declination in whole degrees for every 10 minutes of time. ig heal ‘aphic Office 
Publication No. 71 was computed primarily for use with the sun, but table may 
be used for any other celestial body whose declination is less than 23°. Hydrographic 
Office Publication No. 120 is used for the azimuths of celestial bodies that have decli- 
nations of 24° to 70° and is used for stars, planets, and the moon. In many cases 
values of azimuth can be taken directly by inspection from the tables, and for other 
cases resort must be had to interpolation. 


” 


(O} 
“oN 

3 wo 
Pa 

© 


QVOILYaA, 


176 AZIMUTH 


Ezample.—Find the true azimuth in Lat. 37° 17’ N.; Dec. 3° 36’.38., and t, 45 28.7 E. 


t d —_— 
t, 4 28m.7 E. 108° 06’ 108° 06’ 108° 06’ Base, 108° 06 
d, 3° 36/38. 106 24 108 54 108 24 Corr, — 655 
L, 37° 17'.0N. — eae 
— 1 42 + 48 + 18 Z=N 107 11£. 
— 102 K. 8 x 3 «Zs, (107° 11’) 
x 87 nee eas 
eet + 288 + 65.4 
714 + 6.4 
816 ene 
= + 34.2 
— 88.74 — 88.74 
Corr., — 54.54 


.poge 210 under Short Tabular Methods, it will be noted that azimuth may 
be reed, ound for every 4 minutes of time, (1°), from the series of 8 books (H. O. 
Pub. No. 214), covering declinations of sun, moon, and bright navigable stars, for 
all navigable latitudes. 


CHAPTER XIV 
THE SUMNER LINE 


DESCRIPTION OF THE LINE OF POSITION 


The method of navigation involving the use of the Sumner line, or line of position, 

es its name from Capt. Thomas H. Sumner, an American shipmaster, who dis- 

covered it and published it to the world. As a proof of its value, the incident which 
led to its discovery may be related: 

“Having sailed from Charleston, 8. C., November 25th, 1837, bound for Green- 
ock, a series of heavy gales from the westward promised a quick passage ; after passing 
the Azores the wind prevailed from the southward, with thick weather; after pass- 
ing longitude 21° W. no observation was had until near the land, but soun 
were had not far, as was supposed, from the bank. The weather was now more 
boisterous and very thick, and the wind still southerly; arriving about midnight 
December 17th within 40 miles, by dead reckoning, of Tuskar light, the wind hauled 
SE. true, making the Irish coast a lee shore; the ship was then kept close to the wind 
and several tacks made to preserve her position as nearly as possible until daylight, 
when, nothing being in sight, she was kept on ENE. under short sail with heavy gales. 
At about 10 a. m. an altitude of the sun was observed and the chronometer time 
noted; but, having run so far without observation, it was plain the latitude by dead 
reckoning was liable to error and could not be entirely relied upon. 

“The longitude by chronometer was determined, using this uncertain latitude, 
‘and it was found to be 15’ E. of the position by dead reckoning; a second latitude 
was then assumed 10’ north of that by dead reckoning, and toward the danger 
giving @ position 27 miles ENE. of the former position; a third latitude was assum 
10’ farther north, and still toward the danger, giving a third position ENE. of the 
second 27 miles. Upon piecane ence: three positions on the chart, they were seen 
to be in a straight line, and this line passed through Smalls light. 

“It then at once epee that the observed altitude must have happened at 
all of the three points and at Smalls light and at the ship at. the same instant.”’ 

Then followed the conclusion that, although the absolute position of the ship 
was uncertain, she must be somewhere on that line. The ship was kept on the course 
> sa and in less than an hour Smalls light was made, bearing ENE. ¥E. and close 
aboard. 

The latitude by dead reckoning was found to be 8’ in error, and if the position 
given by that latitude had been assumed correct, the error would have been 8 miles 
too far S., and 31/30’’ of longitude too far W., and the result to the ship might have 
been disastrous had this wrong position been adopted. This represents one of the 
practical applications of the Sumner line. 

The line of position represents the most important principle in modern navigation. 
The special methods used for determining a latitude, or a longitude, can now be worked 
to give a line of position. Itis no longer necessary to wait for the observed body to be 
on the meridian, or on the prime vertical. The meridian altitude, the reduction 
to the meridian, and a single longitude have lost their former importance. 

La dere of the line of position will now be explained. 

Equal altitude circles.—In figure 77, if EE’E’’ represent the earth projected upon 
the horizon of a point A, and if it be assumed that, at some particular instant of time, 
a, celestial body 1s in the zenith of that point, then the true altitude of the body as 
observed at A will be 90°. In such a case the great circle EE’E’’, which forms the 
horizon of A, will divide the earth into two hemispheres, and from any point on the 


surface of one of these hemispheres the body will be visible, while over the whole of 
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the other nemisphere it will be invisible. The great circle EEK’E’’, from the fact 
of its marking the limit of illumination of the body, is termed the circle of wlumination 
and from any point on its circumference the true altitude of the center of the body will 
be zero. On any small circle of the sphere BB’B”’, CC’C’’, DD’D”’, whose plane is 
parallel to the plane of the circle of illumination and which lies within the hemisphere 
throughout which the body'is visible, it will be apparent that the true altitude of the 
body at any point of the circumference of one of these circles 1s equal to its true 
altitude at any other point of the same circumference; thus the altitude of the body 
at Bis equal to its altitude at B’ or B’’, and its altitude at D is the same as at D’ or D”’. 

It follows that at any instant of time there is a series of positions on the earth 
at which a celestial body appears at the same given altitude, and these positions lie 
in the circumference of a circle described upon the earth’s surface whose center is 
at that position which has the body in the zenith, and whose radius depends upon 
the zenith distance, or—what is the same thing—upon the altitude. Such circles are 
termed circles of equal altitude. It is important to note that an observer making an 
instantaneous transit through the latitudes and longitudes passed over by any rhumb 
line drawn within the hemisphere of illumination, through the point A, will experience 
no astronomical difference with reference to the observed body in the zenith of A, 
save an altitude difference. 

The data for an astronomical sight comprise merely the time, declination, and 
altitude. The first two fix the position of the body and may be regarded as giving 
the latitude and longitude of that point on the earth in whose zenith the body is 
found; the zenith distance (the complement of the altitude) indicates the distance of 
the observer from that point; 
but there is nothing to show 
at which of the numerous 
positions fulfilling the re- 
quired conditions the obser- 
vation may have been taken. 
A number of navigators may 
measure the same altitude of 
a body at the same instant 
of time, at places thousands 
of miles apart; and each pro- 
ceeds to work out his posi- 
tion with identical data, so 
far as this sight is concerned. 
It is therefore clear that a 
single observation is not enough 
an wtself to locate the pornt 
occupied by the observer, and 
it becomes necessary, in order 
to fix the position, to employ 
a second circle, which may 
be either that of another 
celestial body or that of the 
same body given by an ob- 
servation when it 1s in the 
zenith of some other point 
than when first taken; know- 
ing that the point of obser- 
7 vation lies upon each of two 
circumferences, it 18 only possible that it can be at one of their two points of inter- 
section; and since the position of the ship is always known within fairly close limits, 
it is easy to choose the proper one of the two. Figure 78 shows the plotting of obser- 
vations of two bodies vertically over the points A and A’ upon the earth, the zenith 
distances corresponding respectively to the radii AO and A’O. 

The Sumner line of position.—In practice, under the conditions existing at sea, 
it is never necessary to determine the whole of a circle of equal altitude, as a very 
small portion of it will suffice for the purposes of navigation; the position is always 
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known within a distance which will seldom exceed 30 miles under the most unfavorable 
conditions, and which is usually very much less; in the narrow limits thus required, 
the arc of the circle will practically coincide with the tangent at its middle point, 
and may be regarded as a straight line. Such a line, comprising so much of the circle 
of equal altitude as covers the probable limits of position of the observer, is called a 
Sumner line, or line of position. 

The latter designation has a more extended meaning, embracing any line, straight 
or curved, which forms a locus of the ship’s position, whether it be obtained from 
observations of celestial bodies, or from bearings or distances of terrestrial objects. 

Since the direction of a circle at any point—that is, the direction of the tangent— 
must be perpendicular to the radius at that point, it follows that the position line 
always lies in a direction at right angles to that an which the body bears from the 
abserver. Thus, in figure 78, it may be seen that m m’ and nn’, the extended posi- 
tion lines corresponding to the bodies at A and A’, are respectively perpendicular to 
the bearings of the bodies OA and OA’. This fact has a most important application 
in the employment of the position line. ~ 

Uses of the position line.—The position line is valuable because it gives to the 
navigator a knowledge of all of the probable positions of the vessel, while a sight 
worked with a single assumed latitude or longitude gives but one of the probable 
positions; it must be recognized that, in the 
nature of things, an error in the assumed 
coordinate will almost invariably exist, and 
its possible effect should be taken into con- 
sideration; the line of position reveals the 
difference of longitude due to an error in the 
latitude, or the reverse. 

Since the position line is at right angles 
to the azimuth or bearing, it may be seen 
that when the body bears east or west—that is, 
when rt 18 on the prime vertical—the resulting 
line runs north and south, coinciding with a 
meridian. When the body bears north or 
south, or 18 on the meridian, the position line FIGURE 78. 
runs east and west, and coincides for a short 
length with a parallel of latitude. Any intermediate bearing gives a position line inclined 
to both merndians and parallels. | 

By observing a celestial body directly ahead or astern, the navigator may make 
use of a single position line to discover how far the reckoning has been overrun or 
underrun on the vessel’s track, and, similarly, by observing a body bearing abeam, 
the resulting position line, being projected on the chart, will disclose whether the 
ship’s track is inside or outside of the intended location. To find when a given 
celestial body will be on a certain bearing, as ahead, or astern, or abeam, with the 
given latitude and declination, find the bearing in the azimuth column of the azimuth 
tables and opposite to it in the time column will be the value of the hour angle at 
which the observation should be taken. 

The greatest benefit to be derived from the line of position is when two lines 
are worked and their intersection found. The two lines may be even by different 
bodies, which is generally preferable, or two different lines may be obtained from 
the same body from the observations taken at different times. The position given 
by the intersection of two lines is more accurate the more nearly the lines are at 
right angles to each other, as an error in one line thus produces less effect upon the 
result. en two observations of the same body are taken, the position of the 
vessel at the time of first sight must be brought forward to that at the second in 
considering the intersection; if, for example, a certain line 1s determined, and the 
vessel then steams 27 miles 315°, it is evident that the new position is on a line parallel 
with the first and 27 miles 315° from it; a second line being obtained, the intersection 
of this with the first line as corrected for the run, gives the “‘fix,”’ or position of the 
vessel. Besides the employment of two or three lines for intersection with each 
other, a single line may be made to serve various useful purposes for the navigator. 
The line of position should not be advanced more than five hours of run. 
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METHODS OF DETERMINATION 


The best means for finding the line of position is to determine by any well 
selected method the altitude and azimuth of a given celestial body, at any given 
point on the earth, at any given instant of time. The difference between the com- 

uted altitude and the corrected observed altitude is the altitude intercept. Now 

y off from the assumed geographical point, along the line of the direction of the 
azimuth of the celestial body at the time of the sight, the determined altitude inter- 
cept or distance to the line of position. This was not exactly the method employed 
by Captain Sumner on the occasion of the discovery of the process. He assumed 
two values of latitude about 20 to 50 miles apart, then worked two “time sights” 
which gave two different values for the longitude at two different latitudes. In this 
way, two points were fixed and the line joining them pare the line of position. 

The usual method adopted where a “time sight’ is computed is to assume 
a latitude, then work a longitude and an azimuth. This Fives one point on the 
position line. The line of position is then drawn through the determined point at 
right angles to the direction of the azimuth. 

Ezample.—April 3, 1937, about 75 30™ a. m., in D. R. Lat. 25° 40’ S., Long. 104° 00’ E., the 


sextant altitude of the sun’s lower limb was 18° 14’.0; I. C. —1’; height of eye, 19 ft; watch 
7» 30™ 23°; C—W 55 15™ 035; chron. fast 5™ 41°; find line of position. xample plotted fig. 79.) 


W. T. 75 30™ 23° h,, 18° 14’.0 Dec. 04, 5° 04’.0 N. 
C_W, 5 15 03 Corr., x 79 Corr., | + 
Chron., 12 45 26 hoy 18 21.9 Dec., 5 04.7N. 
Fast, — 5 41 
G. C. T., 0 39 45 (Tab. 40), + 13’.2 H. D., 1’.0 
————______—_—. Add. corr., 0.0 G. C. T., 7 
G. H. A. 05, 179° 06’.6 H. E., _ 4.3 —- 
Corr. 39%, 9 45.0 | Ga Oe — 1 .0 Corr., + A | 
Corr. 455, 11 .3 —- 
—_—_——- Corr., + 9 
G. H. A., 189 02.9 W. 
H. A. Az . 

h, 1B? OV 04 Sede ee oes sec, 0.02270 

L, 25 40 00 BeC, 0.04512 sec, 0.04512 

D, 95 04 42 cosec, 0.00171 

2)139 06 36 

8, 69 33 18 cos, 9.54321 

s—h, 51 11 24 sin, 9.89166 sin, 9.89166 

s—L, AS 58: Sees ete as ee sin, 9.84089 

L. H. A., 66° 49’.1 E. hav, 9.48170 

or, 293° 10’.9 W. 

G.H.A., 189 02.9 W. hav 9.80037 

. Z=8. 105° 15’ E. (74° 46’) 


Long., 104 08 OF. 


LONG. 104°08’ 


Draw position line through Lat. 25° 40’ S.; Long. 
104° 08’ E., at right angles to the azimuth S. 105°.2 E. 
(74°.8.) 


© SUN Where a reduction to the meridian is used, a 
longitude is assumed and a latitude and azimuth 
are computed. The line of position is then drawn 
through this determined point, at mght angles to the 
direction of the azimuth. 


Ficure 79. 
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Ezample.—At sea, July 12, 1937, in Lat. 50° N.; Long. 41° 26’.7 W.: observed a circum- 
meridian altitude of the sun’s lower limb 61° 46’ 10’; chron. time 2 41= 39*; chron. fast 2™ 26°.3; 
I. C.—3’ 00’’; height of eye 30 feet; find the line of position. 


Chron., Qh 41™ 399.0 hn 61° 46’.2 Dec. 145, 21° 59/3 N. 
Fast, = 2 263 Corr., + 6.9 rea 
parsciinies creer H. D, —~ 0.3 
G.C. T., 14 39 12.7 he 61 53.1 G.C.'T., 0b.7 
G. H. A. 14, 28° 38'.5 (Tab. 40), +  15'.5 Corr., ~ 02 
Corr.39", 9 45.0 Add. corr., — 0.2 Dec., 21° 59.1 N. 
Corr. 12°.7, 3 .2 SP ~ a a (Tab. 29) 2”'.5 
G.H. A., 38 26.7 W. Remenreeenis ; ae 
Long, 41 26.7W. Corr, rf 6.9 at? (Tab. 30)(9 -5=1- 
L. H. A., 3 00.05. 2 .5=6'.0 
he, 61°: 53.1 t, 3° 00’ 00” sin, 8.71880 
at}, 6.0 d, 21 59 06 cos, 9.96722 
ere ee h, 61 53 06 sec, 0.32675 
H, 61 59.1 


——___. sin, 9.01277 
Z, 28° 00’.9 N. Z=S. 5° 54’ E. (174°) 
Dec., 21 59 .1N. 


Lat. 50 00.0N. 


Draw position line through Lat. 50° 00’.0 N.; Long. 41° 26’.7 W.; at right angle 
to the azimuth 174°. 


Saint Hilaire method.—This is a method of finding the line of position in which 
the course of procedure is the same, whatever the position of the observed body in the 
heavens may be, provided that the sextant altitude of the celestial body is measured at a 
known instant of time, from some D. R. position. 

In figure 77, the circumference of a circle of position is represented as having 
been laid down from A, the geographical position of the observed body, as a center, 
with a radius AC’ equal to the zenith distance of the observed celestial body; but 
itis evident that a small arc of the circumference, not differing sensibly from a straight 
line within the extent of a line of position may be determined in the following manner 
from a neighboring geographical position, as at P, inside or outside of the circum- 
ference ania or near the position of the ship as given by dead reckoning: 

From the D. R. position P, compute the altitude (or zenith distance) and the 
azimuth of the body A. 

Take the difference, in minutes of arc (nautical miles), between this zenith 
distance AP due to the observer’s assumed position, and the zenith distance AC’ 
found from the true altitude of observation. 

Lay off this difference, which is called the altitude-difference, or intercept, 
from the assumed position P either away from or toward the observed celestial body 
according as the true altitude by observation 1s less or greater than the altitude at 
the assumed position, and through the point thus reached draw a line at right angles 
to the bearing or azimuth. 

The line so drawn will be a tangent to the circumference of the circle of position 
and will be so nearly coincident with this circumference throughout such length as 
the position line need have, in all those cases in which the zenith distance is as great 
as 10°, that the tangent itself may be taken as the true line of position. The only 
computation that occurs under this method is in computing the length and bearing of 
the great-circle arc joining the dead reckoning position P with the geographical 
position A, which is always in a latitude equal to the declination of the observed 
celestial body at the instant of observation and in a longitude equal to the Greenwich 
hour angle of the body. In the case of the sun the Greenwich hour angle is indicated 
directly in arc, or by Greenwich apparent time, and in the case of any other celestial 
body the Greenwich hour angle is found as heretofore explained. 

The fundamental formula for solving the astronomical triangle is: 


sin h=sin L sin d+ cos L cos d cos f, 


which is often preferred for the computation of the altitude from the latitude, decli- 
nation, and hour angle. ; 
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Since the above equation requires for its solution both logarithms, and natural 
sines and cosines, the following modification is 


hence, 


in which, 


p’ 


FIGURE 80. 


then, 


p 
I. C.+1'30’ height eye 36 feet; watch 5 48™ 03>; 


Required the line of position. (See plot in fig. 81.) 


adopted, called the sine-cosine formula: 
A=sin Lsind, B=cos L cos d cost; 

sin h=A-+B. 
When latitude and declination are of contrary name 
then sin h=A—B. 
With the use of haversine tables, the most conven- 


lent process for the navigator is the cosine haversine 
formula, given as follows, 


hav z=hav (L~d)-+ cos L cos d hav f. 


hav 6=cos L cos d hav t; 
hav z=hav (L~d)-+hav 8. 


When latitude and declination are of the same name 
(L~d) is subtracted. For the azimuth there is used the formula, 


sin Z=sin t cos d sec h, 


Example.—December 11, 1937, in D. R. position Latitude 35° 00’ N., Longitude 140° 12’ W.; 
about 55 45” p. m., observed the planet Jupiter, bearing southwestward, sextant altitude 26° 28’ 40”, 


—W 8 20™ 45°; chronometer slow 0™ 02°. 


Var. per min. 15’.0319 26 
Cw ee ac. For 15’ 03, 2%, 30° 037.6 15.03, 30° 03°.6 
’ rr. .0019, 2 15 .04, 30 04.8 
Sonne Sue ne ia Corr. 2%, 30 03.8 Diff, 1.2 
” ° 19 
G. C. T., Dec. 12, 2 08 50 | 
So ee Corr., ; 
GH. A. Dee. 12, 130° 4874 oo = 
Corr, 8", 2 00 2 Dec. 124, 20°59'.88 Diff, 2/.5 
Corr. 508, 12 .5 Corr., — 2 Prop. P., .2 
G. H.A., 172 04.9 W. Dec., 20 59 .6 
Long., 140 12.0 W. 
h, 26° 28’.7 
L. H. A., 31 52 .9 W. cos, 9.92898 Corr., — 6 .4 
Lat., 35° 00’00’N. sin, 9.75859 cos, 9.91336 
Dec., 20 5936S. sin, 9.55420 cos, 9.97017 ho 26 22 .3 
log A, 9.31279 log B, 9.81251 (Tab. 40), — 2’.0 
A, 0.20549 B, 0.64940 LC, 1.5 
A, 0.20549 Hi = 5.9 
h,= 26° 21’.2=nat. sin A—B A—B, 0.44391 Corr., _ 6.4 
or, by the cosine haversine formula: 
Altitude Azimuth 
t, 31° 52’ 54’ hav, 8.87755 sin, 9.72278 
L, 35 00 OON. Cos, 9.91336 
d, 20 59 36S. Cos, 9.97017 COs, 9.97017 
log hav 6, 8.76108 
nat. havé, .05769 
L~d, 55° 59’ 36” nat. hav, .22035 
Zz 63 38 45 nat. hav, .21804 
h, 26° 21'.2 scC, .04766 
h,, 26 22 .3 
eS sin, «9.74061 
Int., 1 .1 towards 213°.4 Az.S 33° 24’ W. 
or N. 146° 36’ W. (213°.4) 
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From Lat. 35°00’.0 N., Long. 140°12’.0 W., lay off the azimuth line 
N. 146°.6 W. (213°.4) and from this position measure 1.1 miles along the azimuth 


line towards the planet Jupiter. Through this latter point, draw a line of position 
at right angles to the azimuth. 


165°20° 


LONG.140°I2’W 


SIRIUS K—2 7. 


K% JUPITER 
FIGURE 81. 


FIGuRE 82. 


It will be noted that in the above example the latitude and declination are of 
contrary name, hence latitude and declination are added to give L~d. 


Example.— May 1, 1937, in D. R. position Lat. 30° 10’.3 8., Long. 165° 20’.2 E.; observed the 
star Sirius, bearing northwestward, sextant altitude 47° 12’ 10’’; I. C.—1’ 00’; watch 75 05= 23= 
p. m.; C—W 0° 58= 39¢ ; chronometer fast 0™ 02:; height of eye 26 feet ; find line of position. 


W.T., 7b 05™ 239 h,, 47° 12.2 Dec.*, 16° 38’.08. 
C-W, 0 58 39 Corr., - 6.9 
Chron., 8 04 02 ho, 47 05.8 
Fast, - 02 —_— 
(Tab. 40), — 0.9 
@.c.T., 8 04 00 LC: - 1.0 
—— H.E., _ 5.0 
G.H.A. Mayl, 117° 54’.4 W. 
Corr. 8» 04™, 121 19.9 Corr., _ 6.9 
Alt. Az. 
G.H.A., 239 14.3 W. 6, 44° 34’ 30’ hav 9.15786 sin 9.84624 
Long., 165 20.2E. L, 30 10 188. cos 9.93678 
—_—__-— d, 16 38 008. cos 9.98144 cos 9.98144 
L. H. A,, 44 34 6 Ww. SS ee 
hav 6 9.07608 
nat. havé@ 0.11915 
L~d 13 32 18 nat. hav 0.01389 
s 42 47 OO nat. hav .13304 cosec. 0.16798 
he 47° 13’.0 
ho 47 05.3 


sin 9.99566 
a Z=N. 81° 55’ W. (278°) 
Intercept., 7.7 away from 278° 
From Lat. 30° 10’.3 S., Long. 165° 20’.2 E., plot azimuth line N. 82° W. (278°). 
From D. R. position, lay off 7.7 miles along the azimuth line in a direction away from 


the star Sirius. Through this latter position, draw at right angles to the azimuth line, 
the required line of position. (See plot in fig. 82). 
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Example.— March 15, 1937, in D. R. position Lat. 40° 15’ N., Long. 40° 20’ W., observed the 
star Capella bearing northwestward, sextant altitude 80° 45’ 30’’; I. C.+1’ 30’; height of eye 
40 feet; watch 65 20™ 00° p. m.; C— W 2% 41= 20°; chronometer fast 10°; required line of position. 


W. T. 65 20™ 00° H,, 80° 45.5 R. A. Capella, 55 12™ 04°.1 
C—W 2 41 20 Corr. —_ 4.9 Dec. Capella, 45° 56’.3 N. 
n 9 Ol 20 H,, 80 40.6 
Fast, — 10 —_——- 
red: 40,) — 0’.2 
G. C. T. 21 O1 10.0 .E. — 6 .2 
R. A. M. 8.+125, 11 28 42.9 I. C. + 1.5 
Corr. (Tab. 39), 3 27.2 
Corr. — 4.9 
G. 8. T. 8 33 20.1 
R. Ax 6 12 04.1 
G. H. A. 8 21 16.0 W. 
Long. 2 41 20.0 W. 
L. H. A. 6 W. 
or rs °° oy 00" i Alt. Az. 
t 9° 59’ 00” hav 7.87915 sin, 9.23895 
1, 40 15 OON. cos 9.88266 
d, 45 56 18N cos 9.84225 cos, 9.84225 
hav 0 7.60406 
nat. hav @ .00402 
(L~d), 5° 41’ 18” nat. hav .00247 
Z, 9 14 30 nat. hav .00649 cosec., 0.79427 
h, 80° 45’.5 sin, 9.87547 
ho 80 40.6 
Int. 4.9 away from 311° =N. 48° 39’ W. (311°.4) 


From D.R. Lat. 40° 15’N., Long. 40° 20’ W.; plot azimuth line 311°; lay off point 
4.9 miles away from star Capella along azimuth line. Draw position line through this 
latter point, perpendicular to the azimuth line. 


FIX FROM TWO CIRCLES OF POSITION 
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The following is an example of simultaneous observations of two stars: 


ie ne more twilight on July 3, 1937, in D. R. position, Latitude 30° 08’.0 8.; 
Longitude 140° 42’.0 W.; observed simultaneous observations of the star Hamal bearing northeast- 
ward, sextant altitude 25° 26’ 00’’, G. C. T. 145 08 32°, and the star Achernar bearing southeast- 
ward, sextant altitude 55° 15’ 00’’; G. C. T. 145 09™ 08*; height of eye 25 feet; I. C. 0’ 0’’; find 
position. (See plot of example in fig. 82a.) 


Hamal 
G. C. T., 145 08= 32° hy, 25° 26’.0 Dec., 23° 10’.0 N. 
Corr, — 7 0 
G.H.A. July 3, 04, 249° 41'.2 ——__—- 
Corr. 145 08", 212 34.8 igs 25 19.0 
Corr. 325, 8 .0 
—_—_—- Altttude Azimuth 
462 24 .0 
(Subtract), 360° L.H.A., 38° 18’E. hav, 9.03186 sin, 9.79224 
—_—————- Lat., 30 088. cos, 9.93695 
G. H.A., 102 24.0 W. Dec., 23 10N. _ cos, 9.96349 cos, 9.96349 
Long., 140 42.0W. 
a — hav, 8.93230 
L. H.A., 38 18 .OE. 
nat. hav, .08556 
(L~d), 53 18. nat. hav, .20119 - 
Z, 64 45.2 nat.hav, .28675 cosec. 0.04361 
h,, 25° 14’.8 sin, 9.79934 
h,, 25 19.0 Z=N. 39° E. 
Int., 4 .2 towards 39° 
Achernar 
G. C. T., . 145 09™ 08+ h,, 55° 15’.0 Dec., 57° 32’.9 8. 
_———_—— Corr... — 5 .6 
G.H.A.July3,0%, 256° 45/.2 = = 
Corr. 145 09, 212 49.9 h,, 55 09 .4 
Corr. 084, 2 .0 
EET Altitude Azimuth 
469 37.1 
(Subtract), 360° L. H.A., 31° 04’.9E. hav, 8.85607 sin, 9.71287 
———— Lat., 30 08.08. cos, 9.93695 
G. H. A., 109 37 .1W. Dec., 57 32.98. cos, 9.72964 cos, -9.72964 
Long., 140 42 .0W. 
ERE hav, 8.52266 
L. H. A., 31 04 .9E. 
nat. hav, .03331 
(L~d), 27 24.9 nat. hav, .05616 
Z, 34 48 .5 nat. hav, .08947 cosec., 0.24349 
hg, 55 11.5 sin, 9.68600 
h., 55 09.4 Z=9. 29° E, (151°) 
Int., 2 .1 away from 151° 
a" i€ HAMAL. 
: “/ | 
From D. R. Lat. 30° 08’ S., !4! ws Mors 
Long. 140° 42’ W., plot azimuth 39°; \ Nowe te 
lay off 4.2 miles towards star Hama 2 
and draw position line through this A 
latter point at right angles to the / 
azimuth. From same D. R. posi- \B, 
tion, plot azimuth 151° and lay off ‘ 
2.1 miles away from star Achernar, * ACHERNAR 


and through this last point, at right 

angles to the azimuth, draw the 

position line. The intersection of 

the two position lines is the ‘‘fix”’ 20° 
or the vessel’s position. FIGURE 82a. 
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Should the meridian altitude be observed and worked by the cosine-haversine 


method, the local hour angle of the celestial body is 0°. Then, since the haversine of 


0° is equal to zero, the equation reduces to 
hav z=hav (L~d) 
2z=L~d 


which gives at once or, the usual formula L=d+<2 for finding the latitude from 
& meridian altitude. By this we note the full interpretation of a meridian altitude, 
which is that it gives the latitude of the intersection with the local meridian of a line 
of position tangent to a parallel of latitude. 

In addition to the simplicity which arises from always working by the same 
process, the navigator has, by this method, the further practical advantage of being 
able to do the most of the work of obtaining the line of position before taking the 
observation, since, in clear weather, he may, 1n selecting the assumed D. R. position, 
assume an hour angle and compute the time the chronometer or watch should show 
at the instant when the celestial body has this hour angle, and then observe the 
altitude at this instant; or, if anything happens to make him a few seconds late in 
getting the altitude, he may alter the assumed longitude by a corresponding amount 
so as to make the hour angle correct, then the rest of the work holds good. 

After correcting the observed altitude and obtaining from it the true altitude, 
no more time need subsequently elapse in determining the line of position than is 
necessary to take the difference between the altitudes found by computation and by 


observation and to rule a line at right angles to the bearing of the observed body 


through the point found by laying off this altitude-difference as an intercept from the 
assumed position. 

Zenith Distance less than 10°.—It has been implied that when the altitude of the 
observed body is greater than 80° and, therefore, the zenith distance or radius of the 
circle of position is less than 10°, the tangent drawn to the circumference to represent 
the position line could no longer be regarded as coinciding throughout its proper 
length with the arc of the circumference. When the zenith distance 1s 10°, the depar- 
‘ture of the tangent from the circumference is one-tenth of a mile at a distance of 10 
miles from the theoretical point of tangency and seven-tenths of a mile at a distance 
of 30 miles from the theoretical point of tangency. These departures are doubled 
when the zenith distance is reduced to 5°, and they are nearly 10 times the amounts 
stated for 10° when the zenith distance is shortened to 1°. 

There is no occasion for resorting to the procedure of laying down a straight 
line as a substitute for an arc of the actual circle of position when the zenith distance 
is only a few degrees in length. In such cases the best results are found by drawing 
the required short arcs of the circles of position directly on the navigator’s chart. 
For instance, it happens in crossing the tropical zone that, for a day or so, the sun 
is very near the zenith—perhaps not more than 1° away on one day and 2° or 3° on 
another. In such circumstances, having a chart of suitable scale, plot the sun’s 

eographical position with Greenwich hour angle as longitude and declination as 
atitude, take on the dividers the zenith distance, or complement of the corrected 
altitude, and draw in a ess of the circumference of the actual circle of position 
lying near the position o 
azimuth has changed 30° or so—which it does very rapidly near noon—and draw a 
second similar arc. The intersection of these arcs gives the ship’s position with 
accuracy. If the ship has moved in the interval between the two sights, it will be 
necessary, 1n order to find the geographical position at the instant of the second 
sight, to move the first circle of position in direction and amount equal to the course 
and distance made good in the interval. 


STAR IDENTIFICATION 


In cloudy weather, a star may be visible through the clouds and its altitude 
measured, then by observing at the same time its compass bearing, the name of the 
star may be found later from the Nautical Almanac. 


the ship as ae by dead reckoning. Then wait until the 
c 
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Ezample.—During evening twilight on October 7, 1937, in D. R. position Lat. 15° 05’ N., 
Long. 76° 40’ W., a star is observed through a break in the clouds and the following data re- 
corded, watch 65 06" 20". C—W 5 10™ 06°; chronometer fast 10” 06%; sextant altitude 20° 55’.0; 
I. C.+1’ height eye 36 feet, bearing of star by gyro 285° (N. 75° W.). Identify the star. 


W., 6b 06= 20° bh, 20° 58’.0 ho, 20° 47.6 

C.—W.. 5 10 06 corr., —7.4 See 
Seana z, 69° 12’.4 nat. hav, .32250 
Chro., ll 16 2 ho, 20 47.6 (L~d), 3 56.7 nat. hav, .00118 
eo, hav Z (75)°, 9.56889 nat. hav, .32132 
G.Cc.T., 23 06 2 cos L (15° 05’), 9.98477 — 
R.A. M.8.+128, 1 00 83 cos h (20° 47’.6), 9.97075 log hav, 9.50693 
Corr. (Tab. 39), 3 48 —_—_-— L 15° 05’ N. sec., .01523 
log hav, 9.52441 d 19 O2N,,sec., .02442 

eS [SewwaEsy 

G.8.T ” 11 Ol nat. hav, 33451 bav, t 9.54658 
Long. W., 5 06 40 (L—h,) 5° 42.6 nat. hav, .00248 t=4) 51m 0m W. 


L. 8. T. 19 04 21 p _—-70° 88.3 nat. hav, .33699 
(Approx.) tk, 4 61 00 W. 


Dec. 19° 01.7N. 
CADDrOE.) BAK oo Gy ny }Enter Nautical Almanac in star list with this R. A. and Dec. and the star Is identified as Arcturus. 
pals Ree dawn on November 20, 1937, in D. R. Lat. 27° 35’ N., Long. 71° 34’.5 W., a star 
is observed through a break in the clouds and the following data recorded: Watch 65 10™ 28" C-AW 45 
40™ 42*; chronometer slow 10°, sextant altitude 28° 24’.0; I. C.—1’; height eye 40 feet; bearing of 
star by gyro 120°. Required to identify the unknown star. 


Ww. 6h 10= 28 A., 28° 24’.0 ho, 28° 15’ 
C-W., 4 40 42 Corr., —9.0 
parce se re —_——_. 2, 61 45 nat. hav, .26334 
Chron., 10 51 10 ho, 28° 15’ Lwd, 37 27 nat. hav, .10306 
Slow +10 goes 
hav Z (120°), 9.87506 nat. hav, .16028 
G.C.T., 10 51 @ cos L (27° 35) 9.94760 ee 
R. A. M. 8.+12¢%, 3 54 22 COS ho (28° 18’) 9.94492 log hav, 9.20488 
Corr. (Tab. 39), 1 47 L 27° 38’ N. sec., 05240 
d 9° 52 8. sec., .00647 
G.8. T. 14 47 2 hav, 9.76758 
Long. W., 4 46 18 a) log hav, 9.26375 
—— nat. hav, .58557 t=3) 22m 56° EB. 
L. 8. T., 10 O1 Il L—h,. (0° 40’) nat. hav, .00003 
(Approx.) t*, 3 2 SE. p 99° 51’.5 nat. hav, .58560 
Dec. 9 651.58. 


dab RA-*, 13, 24, 0 enter Nautical Almanac in star list with R. A. and the Dec.>k and the star is identified as Spica. 
hen the value of p (polar distance) is over 90°, the declination has the opposite name from the latitude.» 


OTHER METHODS FOR ALTITUDE AND AZIMUTH 


There are many other good methods for determining the value of altitude 
and azimuth of celestial bodies, and one process is perhaps as adaptable as any 
other. All methods carry out the same plan as in the St. Hilaire process, of com- 
puting an azimuth, and an altitude to com- 
pare with the observed altitude. Several 
of these methods lend themselves conven- 
iently to tabulation in forms which make 
the computation short, quick, and simple. 
These will be discussed in the following 
chapter. 

But one process will be given here as 
an example. In figure 83, let P represent 
the pole; Z, zenith; angle PZM, azimuth, 
called Z; M, celestial body; L, latitude ; EQUINOCTIAL 
observer; d, declination of body; ¢, local ar 
hour angle; H, altitude of body; R, per- 

endicular let fall from M on meridian; X, intersection of R with PZ; K, are from 
to equinoctial. There is then derived the following formula: 

In triangle PMX 

cosec. R=cosec. ¢ sec. d. 


cosec. d 
cosec. K =———_—— 
sec. R 


In triangle ZMX 
cosec. H,=sec. R sec. (K~L) 


cosec. R 
cosec. Z =——— 
sec. H, 
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Ezample.—January 1, 1937, in Latitude 10° 10’ 8., Longitude 9° 00’.8 E.; observed altitude of 
planet Venus bearing southwestward 41° 46’ 10’’; watch time 6" 25= 10° p. m.; C—W 114 23™ 578; 
chronometer slow 10*; height of eye 36 feet; I. C.—1’; find line of position. (See plot in fig. 84.) 


W.T. 6b 25m 10° he, 41° 46’.2 R. A. Venus, 215 47= 520 Diff. 268 
C-W, 11] 23 87 Corr. - 8 .0 Corr. + 3 19 
ee —___— p.p. 1000 

Chron. 17 49 07 ho, 41 38 .2 R. A. 21 61 iil = 3m 19° 
Slow, + 10 —_—_—_—__—___—_—- . 
G.Cc.T. 17 49 17 Tab. 40), — VA 
R. A. M. 8.4126 40 54.4 4 | ie Dec. Venus, 15° 07.38. Diff. 25'.7 
Corr. (Tab. 39) 2 55.7 I. C. _ 1.0 Corr. _ 19 .0 a io 
G.8. T. % 33 07.1 Corr. a By Dec. 14 48.38. at ; 
R. A. Venus 21 61 11.0 
G.H.A. 2 41 56.1 W, 
Long. 0 36 08.0 E. 

H. A. 3 17 589.1 W. 
or é (arc) 49° 20’ 46° W. 
t, 49° 20’ 46” W. cosec. .11898 
Dec. 14 48 18 8. sec .01466 cosec. .59255 Altitude Azimuth 
(R)* cosec. .13364 sec 16881 sec. 16881 cosec. .13364 
K, 22° 08’.6 8. cosec. .42374 
Lat. 10 10.08. 
KeaL, 11 58.6 Sec. .00956 
he, 41° 32.6 cosec. .17837 sec. .)2583 
ho, 41 38.2 Z=8. 78°10’ W. cosec. .00781 

—_——— (259°) 

Int. 5 .6 toward 259° 


K is named the same as the declination. 
K~L is added if of contrary name and subtracted ff of eame name. 
*It is never necessary to evaluate the angle R. 


In the above example, plot from D. R. position latitude 10° 10’ S., longitude 
9° 01’ E., the azimuth line 259°, lay off from this position 5.6 miles toward the planet 
vena through this latter position, draw the posi- 

tion line perpendicular to the azimuth line. 


PLOTTING LINES OF POSITION 


Having computed the data for a line of position 
by any of the foregoing methods, or by any of the 
newer short methods described in the next chapter, 
the problem remains to place the lines on the chart 
and select the most probable position of the vessel. 
The intersection of two or more lines may be plotted 
graphically, or computed. The former is by far the 
more practical method and to facilitate plotting 

macae ae osition line, plotting sheets upon an ample scale 
or all localities have Ca provided at cost of print- 
ing and paper by the Hydrographic Office for the use of navigators. 

Accuracy of position lines.—Navigation at sea is not exact. Any sight taken 
by a navigator is subject to errors caused by such things as, personal eyesight, chronom- 
eter error, sextant adjustment, roll and pitch of the ss while taking sights, wind 
and spray interference, hazy horizon, false horizon, or abnormal refraction caused 
by unusual atmospheric conditions. A skilled navigator can greatly reduce the 
chance of error due to many of these causes, but can never rest assured that no cause 
for error remains. Therefore, no navigator should assume that his observations are 
ae and his position exact, even though three position lines do cross in a point. 

erhaps a reasonable allowance for these unknown errors is 2 miles. There are 
many occasions in navigation where such an allowance must be given consideration 
in estimating the most probable position of the ship. 

Single line of position.—Any single line of position represents a locus of the 
possible positions of the vessel at the instant of the observation. Itis plotted on the 
chart from the geographic position used in the computation by measuring the altitude 
difference in the proper direction along the azimuth line drawn through the position, 
and erecting the line of position perpendicular to the azimuth line. Ifthe D. R. posi- 
tion was used, the intersection of the azimuth line and position line, called the com- 
puted point represents the most probable position, providing no circumstances of current, 
weather, or other observation are available to aid the navigator in making a better estrvmate. 
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Since the line may bein error as much as 2 miles, dotted lines drawn parallel 
to the position line and 2 miles on either side of it will limit the area of the most 
probable position, or if the circumstances mentioned above exist, the area within 
2 miles of the computed point becomes the most probable area in which the exact 
position is located. 

Two lines of position from simultaneous sights.—Two or more lines of position 
which have been obtained from simultaneous observations, using the same Se 
graphic position, are plotted singly from that position and their intersection fixes 
the position of the ship within reasonable limits. The nearer the lines are at nght 


FIGURE 85. Fiaure 86. 


les to each other, the less effect a possible error may have on the position. As 
before, draw dotted lines parallel to, and 2 miles on each side of each line. The 
inclosed parallelogram represents the most probable area in which the exact posi- 
tion 1s located. 

In figure 85 (lines of position x and y at right angles to each otner), if one line 
is in error 2 miles, the position must be at one of the points a, while if both lines are 
in error 2 miles the position must be at one of the points b, a maximum error of about 
2.8 miles. Similarly in figure 86 (lines of position x and y intersecting at an angle of 
30°), if both lines are in error 2 miles, the positions b’ may be in error as much as 8 
miles. Intersections less than 30° introduce greater possible errors and should be 
avoided if possible. 

A running fix.— When two observations of the same or different bodies are made 
at different times, one line of position may be advanced or retarded parallel to itself 
along the course line of the vessel, an amount equal to the estimated run over the 
ground of the ship for that interval, to obtain what is called a running fix. Such 
a fix is not as accurate as one obtained from simultaneous, or 
nearly simultaneous, observations, since its accuracy depends on 
the accuracy of the estimated course and distance made good 
between the observations. 

In figure 87 let A be the D. R. position at 0730, at which 
time the sun was observed on the prime vertical and the position 
line cd pone The point A’ is the computed point. Let B be 
the D. R. position at 0930 when another observation gave the 

osition line ef. The line cd is advanced parallel to itself the 
ength A’B’ = to AB; the estimated run of the vessel from 0730 
to 0930. The intersection X of the advanced line c’d’ and the 
plotted line ef is the running fix for 0930. 

Three lines—taken in succession.—Every navigator prefers, 
to take his own sights, which makes it obviously impossible to 
obtain two or more simultaneous observations. The ordinary 
procedure is to observe each suitable star in turn as the horizon 
clears in the morning, or as it becomes visible at night. The 
time between sights will vary considerably, depending on_the FIGURE 87. 
ses da of twilight and on weather and cloud conditions. Each 
sight is worked using the corresponding time, but the same D. R. position 1s adopted 
for all sights. A previously plotted D. R. position may be used, but more frequently 
the D. R. position at the time of the last sight is used and the plot for the other sights 
run up as a running fix to that time. 

541524°— 43——_-13 
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In figure 88, three stars, A, B, and C were observed successively at 0424, 0428, and 
0430, and their position lines Aa, Bb, Cc were plotted from the 0430 D. R. position 
used in the computations for all stars. The triangle abe results which must now be 
corrected for the difference in time used. The point A is the computed point for the 
star A at 0424. Advance A parallel to the course line the distance AA’ equal to the 
run of the vessel at 15 knots for 6 minutes or 1.5 miles. Draw A’X parallel to Aa. 
A’X now represents the position line for the star A advanced to 0430. In the same 
manner advance B to B’ 0.5 mile for the 2-minute run 
between sights and B’X represents the position line 
for the star B advanced to 0430. All three lines are 
now adjusted to 0430, and are found to cross at X, 
which fixes the position for that time. 

The figure may be simplified by plotting the ad- 
vanced position lines directly from the points P and 
Q, advanced from O for the run between sights. In 
doing this, however, it must be observed that when 
the time of the desired fix is later than the time of 
observation, the points P and Q are plotted from O in 
the direction of the course line and vice versa. There 
is frequently a tendency to plot P and Q as the D. R. 
positions at 0424 and 0428 instead of realizing that they are advanced points. 

A triangle of position.—Due to the normal inaccuracy of sights, three plotted 
lines of position will usually form a triangle. In this event, it is most logical to assume 
that some type of error is mutual to all sights and therefore should be applied equally 
to all either away or toward the star, but not away from some and toward others. 
For any triangle there are four points equidistant from all three lines, one inside and 
three outside the triangle, found by laying the bisectors of the internal and external 


.\ Most Probable 2a 
~ Position 


~ — 


ov? 


Ficvre 89. FIGURE 90. 


les. Assuming the error of each line to be in the same direction from its star, the 
following method will determine the point representing the most probable position. 
figures 89 and 90, at the vertices of the triangles draw in the vectors Z,Z, and 
Zc to represent the azimuth lines of the respective bodies. At each vertex bisect the 
smaller of the two angles formed by the azimuth lines. If this angle is called a, it will 
be noted that one of the angles of the triangle at that vertex equals a and the other 
180°—a. The bisector will always bisect the angle equal to 180°—a. 
The mathematical proof for this method may be found in the Hydrographic Review, 
volume VIII, No. 2 of November 1931, under the article ‘‘Accurate Determination of 
the Position at Sea.”’ 


COMPUTING INTERSECTION OF POSITION LINES 


_ The finding of the intersection of two position lines by computation is divided 
into two cases: 

Case I. When one line lies in a 45°—225° direction, and the other in a 135°-315° 
direction, as shown in figure 91. 

Case II. When both lie in a 45°-225°, or both in a 135°-315° direction, as shown 
in figure 92. 

If each position line is defined by the latitude and longitude of one of its points 
and the azimuth of the celestial body at mght angles to whose true bearing the line 
runs, then, by means of Table 35, find the longitude of any other point on such a line 
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when its difference of latitude from the known point has been ascertained. The 
numbers in Table 35 are values of the longitude factor, here denoted by the letter F. 
They vary with the latitude of the observer and the celestial body’s azimuth at right 
angles to the direction of the line, and express the change in longitude due to a change 
of 1’ in latitude along any given line. So that the difference of latitude between any 
two points of a line, being multiplied by the longitude factor, will give the difference 
of longitude between those points. 

In figures 91 and 92 considering the position lines A, A, and B, B, there repre- 
sented to be defined by the azimuth at right angles to each and the latitudes and 
longitudes of the points A, and B,, respectively, there will be shown the relations which 
exist for determining the latitude and longitude of the fix at their intersection by 
means of the tabulated longitude factors. The line PO drawn perpendicular to the 
parallel of latitude through the points A, and B,, the latitude of the intersection is 
the distance OP from the common latitude of A, and B,, and its longitude is the dis- 
tance A; O from A, and B, O from B,. Let F,; and F, represent the longitude factors 
from Table 35 for the position lines A, A; and B, B,. Since F;, is the difference of longi- 
tude corresponding to a change of 1’ of latitude along the line A, A;, the difference 
of longitude A, O is equal to F, multiplied by the number of minutes of latitude in 
the length OP. Therefore, 


A, O =OPxXF;,; and B, O=OPXfF:;; 
B, As 


Ay 0 By A B, 


FIGURE 91. FIGURE 92. 


and, since the known difference of longitude between the points A, and B, is com- 
posed of the sum of A, O and B, O in case I, and the difference of A, O and B, O in 
case IJ, we have 


A, O+B, O=A, B, =OPXF,+0OPXF,=OP (Fi+F;), in case I, and 
A, O—B, O=A, B, =OPXF,—OPXF,=OP (F,—F,), in case IT. 


Placing the known quantities on the right-hand side of the equations, thus: 


_ ALB. _ ALB, 
OP=F TR , In case I, and OP=5 FF. ; 


There is obtained the difference of latitude from the common parallel of A, and B, 
to the point of intersection by dividing the known difference of longitude between 
the points A, and B, by the sum of the longitude factors of the respective position 
lined in case I and by their difference in case II. 

Having determined OP and hence the latitude of the point of intersection of the 
position line, multiply OP by F, to get the difference of longitude A,O, and apply . 
that difference to the known longitude of A, to find the longitude of the point of 
intersection P; and also, as a check, multiply OP by F, to get the difference of longi- 
tude B,O, which, being applied to the longitude of B,, gives again the longitude of 
the point of intersection, P. 

Sammary.—Make a rough sketch of the position lines whose intersection is to 
be fixed in latitude and longitude, classifying them under case I, or case II. 

_ Take from Table 35 the longitude factors F, and F,, respectively, for the position 
es. 

If the given coordinates of the points on the two lines have not a common lati- 
tude, reduce them to a common latitude by multiplying the difference between the 


in case IT. 
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latitudes of the points on the two lines by the longitude factor of one of the lines 
and apply the product to the longitude of the point on that line. The sketch wi 
show whether the difference of longitude is to be added or subtracted, and the result 
will be the longitude of a point of this line on the common parallel of latitude. 

The difference between the longitudes of the points of the two position lines, 
on the common parallel, divided by the sum of the longitude factors (F,+F;), is 
the difference of latitude between the point of intersection and the common parallel, 
when the lines are classified under case I; and the difference between the longitudes 
of the points of the two position lines, on the common parallel, divided by the differ- 
ence of the longitude factors (F,—F;), is the difference of latitude between the point 
of intersection and the common parallel, when the lines are classified under case II. 

The sketch shows whether the intersection of the position lines lies to the north- 
ward or southward of the common parallel, and whether the difference of latitude is 
added or subtracted from the latitude of the common parallel. 

Having found the difference of latitude between the point of intersection of 
the position lines and the common parallel, multiply this difference by the longitude 
factor of each line and apply the products each to the longitude of its corresponding 
line on the common parallel. The products are applied in opposite directions in 
case I, and both of them give the same longitude for the point of intersection; and the 
products are applied in the same direction in case II, and in this case also both of 
them must give the same longitude for the point of intersection. 


Example (case I).—Find the intersection of the position lines defined below by the latitude and 
longitude of a single point on each and by the respective azimuths of the celestial bodies upon which 
the lines depend. 

AL, 220 2°, 3, }Azimuth, at right angles to line, N. 51° E. (51°) 
115° 31’ W. pce oe ke 
B ae aah 5 ty }Azimuth, at right angles to line, N. 72° W. (288°) 

From Table 35: 

Longitude factor for line A=0.90=F;; Longitude factor for line B=0.36 =F3. 


Reduce the given points to a common parallel of latitude by transferring the point on line 
B to the latitude of the point on line A, 


id (25° 40’ S.—25° 25’ 8.) X F;=15’ X0.36= 5’.4 W. 
115° 33’.5 W. 
115° 38’.9 W. 
P Hence for the point on the line B at which the latitude is the same as 
the latitude of the point on the line A, 
BY Tee go’.9 W.yAzimuth, at right angles to line, N. 72° W. (288°) 
115° 38’.9 W. On aoe 8 pine ; 
There are now two position lines, under case I, whose common latitude 
B A is 25°40’ S. and whore longitudes on the common parallel are: 
FIGURE 93. 
115° 38’.9 W. 


115° 31’.0 W. 


“ 


7’ .9= Diff. Long. on common parallel. 


Pee 0s 3s eye 8-27 Diff. Lat. between intersection and common parallel. 


Corrections in longitude: 
6.27 X F,=6.27 X0.90=5’.64; 6.27 F;=6.27 X 0.36 = 2.26 


Long. A, 115° 31’.0 W. Long. B, 115° 38’.9 W. Lat. common parallel, 25° 40’.0 8. 
Diff. Long., 5.6 W. Diff. Long., 2.3E. Diff. Lat., 6.3N. 


Intersection, 115 36 .6 W. 115 36.6 W. 25 33.78. 
Example (case II).—Find the intersection of the position lines defined below: 


An 24.8 W yAzimuth, at right angles to line, N. 81° W. (279°) 
B{*? Bek Ww }Azimuth, at right angles to line, N. 31° W. (329°). 
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A sketch of the lines show them to be under case II. 
From Table 35: 


Longitude factor for line A=0.24=F, and longitude factor for line B=2.57=F;. 
Diff. Long. on common parallel = 5° 25’.8— 5° 24’.8=1'.0. 
1.0 1.0 1.0 


=_—__"-__ =~ = 0),42= Diff. Lat. between in- 
F,—F, 2.57—0.24 2.33 tersection and common 


parallel. 
Corrections in longitude. 


0.42 X F,=0.42*0.24=0.1; 0.42 F;=0.42K2.57=1.1 


FIGURE 94. 
Long. A, 5° 24’.8 W. Long. B, 5° 25’.8 W. Lat. common parallel, 49° 30’.0 N. 
Diff. Long., 0.1 E. Diff. Long., 1.1E. Diff. Lat., 0.4N. 
Intersection, 5 24.7 W. 5 24.7 W. 49 30 .4N. 


CHAPTER XV 


SHORT TABULAR METHODS FOR SOLVING OBSERVATIONS OF 
CELESTIAL BODIES IN NAVIGATION 


Description.—For many years, time and study have been devoted toward prac- 
tical ways of producing for the navigator convenient epitomized tables for solving 
the astronomical triangle for the required elements, by means of a shorter process 
than that usually employed in logarithmic computation. 

Up to the present time, the only element of the triangle that can be directl 
measured is the sextant altitude, hence there has been developed but two methods 
for obtaining line of position. One of these is called the longitude or “time sight”’ 
method, whereby hour angle and azimuth are determined; the other is the St. Hilaire 
or intercept method, in which altitude and azimuth are found. This latter method 
is the one generally adopted. 

In the former method the oblique spherical astronomical triangle is solved 
directly for a local hour angle and azimuth of the celestial body, while in the latter 
method, the spherical triangle is divided into two right spherical triangles by drop- 
ping from the observed body on the 
meridian an auxiliary perpendicular arc, 
or dropping the auxiliary perpendicular 
arc from the zenith on the circle of decli- 
nation. Either one of the methods of 
dividing the triangle produce a similar 
solution, or identical result in obtaining 
the desired computed altitude or azimuth. 

The method of splitting the oblique 
spherical triangle into two right triangles 
is as old as the science of geometry or 
trigonometry, yet this is the one and only 
process that has been adopted by every 
foreign author in over a century of time. 
Such men as Towson (England), Kelvin 
(England), Souillagouet (France), Fuss 

Fiaure 95. (H. 0. Pub. No. 208). (Russia), Delafon (France), Bertin (France), 

Aquino (Brazil), Smart and Shearme 
(England), Newton and Pinto (Portugal), Ogura (Japan), and others have utilized 
the split triangle. The later American publications follow along similar lines, with 
only slight alterations in the compilation of the table. No book is strictly the work 
of any one individual author, for all involve the principles which are the results of 
years of general development in the science of navigation. 
The Hydrographic Office has issued a few publications of this nature, such as 
Publications Nos. 208, 211, and 214. The publication No. 211 is not a tabulated 
method, but a convenient collection of logarithmic functions of cosecants, termed 
A values, and logarithmic secants, termed B values. 

For all of the tabulated methods, some assumed position must be selected; for 
the longer logarithmic computation, the dead-reckoning positions may be utilized. 
A dead-reckoning position is convenient for plotting two or more stars; otherwise 
there is no particular advantage in its use. The following examples will illustrate 
the publications now issued by the Hydrographic Office: 
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H. O. PUBLICATION NO. 208 
(ALTITUDE—AZIMUTH) 


At sea, January 15, 1934, about 5° 30™ p. m. in D. R. latitude 20° N.; longitude 
170° E.; observed simultaneous altitudes of the planet Venus bearing southwestward, 
sextant altitude 31° 40’ 00’’, watch 6° 07™ 35°, and the star Aldebaran bearing north- 
eastward, sextant altitude 41° 05’ 00’’, watch 6° 08" 00°. Watch keeping G. C. T., 
slow 5°. I. C. 0’ 00’’ H. E. 500 feet. Find position of air vessel. 


VENUS 
Watch, 65 07 35s H. A. Sext. alt., 31° 40’.0 Corr., — 7’'.4 
Corr., +5: Var. per Corr., — 23 .5 H. E., —16.1 
——_—_—_—— min. —__——- ——— 
G. C. T., 6» 07™ 40° True alt., 31° 16’.5 Corr., —23 .5 
—_——_——_—_—————- 15’.044 
G. H. A. Jan. 15, 148° 51’.8 
Corr. 64, 90 15.8 Dec., 10° 37’.5S. P. P. 
Corr. 7™ 40s, 1 55.4 Corr., —3 .5 errs 
G.H.A., 241° 03.0 W. Dec., 10° 34.08. 
Long., 169° 57’.0 E. 
L.H.A. 51° Ww. dec. 10° 34’.0 S. 
Lat. 20° N. b, 59° 57’.4 N. Al6549]C 137 Z’ 67°.1N. 


B11967] D 9933 Z’’ 49 .6N. 


tb, 49° 23/.4 N. 


h, 31° 14’. A+B28516{C+D70 N. 116°.7 W. 
h, 31 16.5 b, takes name of Lat 
Int. 2’.2 toward N, 117° W. Z” takea name of d+b. 
ALDEBARAN | 
G.C. T., 6» 08= 05° Sext. alt., 41° 05’.0 : Corr., — 7’.0 
—_ Corr., —23 .1 H.E., —16.1 
G. H. A. Jan. 15, 45° 42’.8 — —- 
Corr. 65 082, 92 15.1 True alt., 40° 41’.9 Corr., —23.1 
Corr. 5*, 1 .3 
—_————— Dec., 16° 22’.8N. 

G. H.A.,, 137° 59’.2 W 
Long., 170 00 .8E 
L. H. A., 308° Nh} dec., 16° 22’.8 N. 
Lat., 20° N. b, 59° 24.5 N. A17259 | C 130 Z’ 66°.4N. 


es B 13501 D 9404 Z’’18.9N. 
d+b, 75° 47'.3N. 


A+ B18609 {| C+ D9534 N. 85°.3 E. 
h, 40° 39’.3 


h, 40 41.9 Hour angies between 0° and 180° are named W. 
: and ee ri ees 360° are named E. with 
—___— respect to nami 
Int. 2’.6 toward N. 85° E. 


The detailed procedure for the observation Venus is illustrated only and values 
for star Aldebaran are found in a similar manner. Enter Table I, with arguments 
H. A. 51°; latitude 20° take out b, A, C, Z’, combine b, and dec. name b same as 
latitude obtain d+b. Enter Table II, with d+b and take out B, D, C+D, and Z’’. 
Add A+B and take from Table II, the computed altitude. For star Aldebaran enter 
Table I with argument H. A. 308° W. latitude 20° take out b, A, C, Z’ combine b, 
and declination for d+b. Enter Table II with d+b as argument and take B, D, 
and Z’’. Add A+B and take from Table II the computed altitude, add Z for azimuth. 
On the parallel of latitude 20° N. longitude 169° 57’ .0 E. lay down azimuth N. 117° W. 
plot line of position 2.2 miles toward Venus along azimuth line and at right angles to 
azimuth of Venus. 

In latitude 20° N. longitude 170° 00’ .8 E., lay down azimuth N. 85° E. plot 
line of position at right angles to azimuth 2.6 miles toward star Aldebaran. 

The intersection of the position lines is the position of the vessel. 
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H.O. PUBLICATION No. 208 


Tass I 


0/90 0.0 0 
1 | 88 24.7 1 
3 | 85 14.4 3 
4 | 83 39.6 4 
6 |82 5&1 ; 
6 | 80 31.1 6 
7178 57.6 7 
8 |77 24.7 8 
9 | 75 52.4 9 
"10 | 74 20.9 10 
11 | 72 50.1 1l 
12 | 71 20.2 12 
13 | 69 51.3 13 
2 14 
1§ 
2 16 
17 
18 
: 19 

ot a 
21 
64. 4 22 
63. 4 23 
5 24 


o-\[o:) 
rip 


The asimuth is reckoned from the north when in north latitude, from the south 
when in south latitude, toward the east when body is rising or is east of the merid- 
fan, toward the west when body is setting or is west of the meridian. Im zero 
latitade the azimuth takes the name of the declination. 
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PLOT OF ADJACENT PROBLEM. 


Aldebaran 


169° H.O. Pub. 208 170° 171° 
FIGURE 98 


H. O. PUBLICATION NO. 211 
(ALTITUDE—AZIMUTH) 


At sea, May 15, 1934, about 7° 30™ p. m. in D. R. latitude 40° 43’ N.; longitude 
68° 30’ W., observed simultaneous altitudes of star Vega, bearing northeastward, 
sextant altitude 14° 39’ 30” and the star Procyon bearing southwestward, sextant 
altitude 26° 40’ 40’’; watch keeping G. C. T. 0° 34™ a 4 (May 16), watch slow 3°: 
H. E. 35 feet; I. C. 0’ 0”. Required position of vessel. 


Watch, Ob 34™ 248 
Co 


IT., + 3° 
G.C.T., 0 34™ 27s 
VEGA PROCYON 

Dec. 38° 43’.0. N. Dec. 5° 23.7 N. 
G. C. T. 058 34m 27s G. C. T. 05 34™ 27s 
G. H. A. May 16, 314° 20’.0 G. H. A. May 16, 119° 03’.0 
Corr. 05 34™, 8 31.4 Corr. 05 34", 8 31’.4 
Corr. 275, 6 .8 Corr. 278, 6 .8 
G. H.A., 322 58.2 W. G. H.A., 127 41.2 W. 
Long., 68 30.0 W. Long., 68 30.0 W. 
L. H. A., 254 28.2 W. L. H. A., 59 11.2 W. 
L. H.A., 105 31.8 E. 
Sextant alt., 14° 39’5 Alt., —3’.7 Sextant alt., 26° 40.7 Alt., —1/.9 
Corr., — 9.5 H. E., —5'8 Corr., — 7.7 =#24H. E., —5'.8 


True alt., 14 30.0 Corr., ~9 5 True alt., 26 33.0 Corr., ~7.7 
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VEGA 
L. H. A. 105° 31’.8 E. A 1616 
Dec. 38° 43’.0 N. B 10777 A 20379 Alt. Az. 
A 12393 B 18081 B_ 18081 A 12393 

K 108° 28’.5 N. A 2298 
Lat. 40 43 .0N. 
K-L 67 45.5 B 42192 
he 14° 27’.0 A 60273 B 1396 
ho 14 30.0 _——_—. 

—______—. N. 50° 56’ E. = A_ 10997 
Int. 3 .0 toward N. 51° E. 


H.O.PUBLICATION No.2lil 


WHEN LHA (EB OR W) IS GREATER THAN 90°, TAKE °°K’’ FROM BOTTOM OF TABLE 


1609 | 57310 


ALWAYS TAKE °°2" FROM BOTTOM OF TABLE, EXCEPT WHEN “K” IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE “Z” FROM TOP. OF TABLE 


69° 30’ 68 
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PROCYON 


L. H. A. 59° 11’.2 W. A 6610 
dec. 5 23.7N. B 193 A 102704 Alt. Az. 
A 6803 B 28513 B 28513 A 6803 

K 10° 26’.5 N. A 74191 

Lat 40 43 .0N 

K-L 30 16.5 B- 6368 

h, 26° 367.5 A 34881 B 4862 

h. 26 33 .0 —- 
—_—_—_——_ N. 107° W. = A 1941 

Int. 3.5 away from N. 107° W. 


PLOT OF ADJACENT PROBLEM 


Vega % 


30 


40 


H.O. Pub. 2il 


FIGURE 103. 
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Only the observation of the star Vega is illustrated in the sample page, but 
the observation for star Procyon is found in a similar way 

Enter the table with local hour angle 105° 31’.8 a take out A 1616; enter 
table with declination 38°43’; find value of B 10777 and A 20379, add A and B of H. A. 
and dec. and get A 12393; search in tables for B value 18081 corresponding to this 
A value 12393. Copy this B value 18081 for potting altitude and the A value 12393 
for obtaining azimuth. Subtract this latter B value 18081 from A value 20379 ob- 
tained from declination and get A value 2298; this is the K value 108° 28’.5 and is 
named the same as declination. Combine K with D. R. latitude and get K-L; find 
in table the B value 42192 for K-L (67° 45’.5), add the B values 18081 and 42192 for 
the A value 60273 of the computed altitude 14° 27’.0; find the corresponding B value 
1396 for the azimuth, subtract this B value 1396 from A value 12393 and get an A 
value 10977 for azimuth. 

Plot both position lines from the D. R. position; the intersection of the position 
lines is the most probable position of the vessel. The method is not good when the 
hour angle approaches 90°, which occurs in many cases in high latitude with declina- 
tion of same name. 


H. O. PUBLICATION NO. 214 
(ALTITUDE—AZIMUTH) 


At sea, November 2, 1937, about 5° 30™ p. m., in D. R. latitude 30° 29’ N.; 
51° 10’ W., observed simultaneous altitudes of stars Alphecca bearing westward, 
sextant altitude 27° 10’ 00’’; I. C.+0’ 30’; H. E. 40 feet; and the star Fomalhaut 
bearing eastward, sextant altitude 19° 55’ 00”; ’s watch keeping G. C. T. 215 02™ 40°; 
watch fast 0 10". Find position of vessel. 


ALPHECCA 
Watch, 215 02™ 40 Sext. alt., 27° 10’.0 I. C., +0’.5 
Corr., — 10 Corr., — 7 6 Alt., —1.9 
——_—_-———_ —_—____—— H. E., —6 .2 
G. C. T., 21 02 30 True alt., 27 02.4 — 
—_—— Corr., —7’.6 
G. H. A. Nov. 2, 05, 167° 50’.3 
Corr. 215 02, 316 ‘21 8 Dec., 26° 55’.5 N. 
Corr. 30°, 7 5 
G. H. A., 124° 19.6 W 
Long., 51 19.6 W 
——__— Altitude Ad Azimuth 
L. H. A., 73 00.0 W. 26° 54’.6 37’ N. 72°.9 W. 
Lat., 30 00.0 N.}Corr., — 1 .7 Corr., 4’.5 
Dec., 27 00.0 N. ——— —— 
H.,; 26 52.9 Corr., — 1.7 
H,, 27 02.4 
Int., 9 .5 towards N. 72°.9 W. (287°) 
FOMALHAUT 
G. C. T., 21 02™= 30: Sext. alt., 19° 55’.0 I.C., +0’.5 
—— Corr., — 8 .3 Alt., —2.6 
G. H. A. Nov. 2,05, 57° :17'.2 oe H.E., —6.2 
Corr. 215 02>, 316 21.8 True alt., 19 46.7 — 
Corr. 305, 7 5 Corr., —8.3 
G. H.A., 13 46.5 W Dec., 29° 57.'1 8. 
Long., 51 46.5 W 
Altitude Ad Azimuth 
L. H.A., 38 00 .0E 19° 56’.3 82 N. 145°.4 E. 
Lat., 30 00.0N. }Corr., + 2 .3 Dec., 2’.9 
Dec., 30 00.08 —_—___—_ ——. 
H.,; 19 58.6 Corr., + 2.3 
H,,; 19 46.7 


Int., 11 .9 away from N. 145°.4 E. (145°) 
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Enter table in case of star Alphecca with latitude 30°; declination 27° same 
name and hour angle 73° and take out tabulated altitude 26° 54’.6 and difference for 
1’ of declination .37’ and azimuth 72°.9. Since the tabulated value of declination 
is too large by 4’.5, a correction is made for this amount of declination. The difference 
for 1’ of declination is .37’ and .374’.5 is the correction to apply to the tabulated 
value to give the true altitude for latitude 30°; H. A. 73° and declination 26° 55’.5. 
This multiplication is automatically made for any value by a table on the back cover. 


H.0. Pub. “6 


LATITUDE 80°. DECLINATION SAME NAME AS LATITUDE 
26° 00’ 26° 30’ 27° 30’ 
Alt. 


ac 


From latitude 30° N.; longitude 51° 19’.6 W., lay off azimuth line N. 73° W. (287°). 
From this position lay off 9.5 miles toward the star; draw line of position through this 
latter point at mght angles to azimuth. 

In case of star Fomalhaut enter table at latitude 30°, declination 30° (contrary 
name), and hour angle 38°, pick out altitude 19° 56’.3; Ad .82 and azimuth 145°.4. 
Since the declination is 29° 57’.1, it is smaller by 2’.9 than 30°. Then correction is 
82X2’.9=+2’.3; plus because decreasing declinntions show increasing altitudes. 
The.computed or tabular altitude is then 19° 58’.6. 

From latitude 30° N.; longitude 51° 46’.5 W., lay down azimuth 145° and from 
this position plot a point, 11.9 miles away from star Fomalhaut and through this 
point at right angles to the azimuth draw the line of position. The intersection of 
the position lines 1s the position of ship. 
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PLOT OF ADJACENT PROBLEM 
S 31 


190 ' " AW . 
mfratafingy™ 
Wert itis 


S0Nstaya Hinos Os 


. Fomalhaut 


FicurE 100. 
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The American Air Almanac 


This type of Almanac is designed especially for the use of aviators, but with a 
very few alterations, it would be convenient also for surface navigators. It was first 
developed at the Hydrographic Office in 1932, but perfected and published later by 
the Naval Observatory. It affords simple and quick results and offers a ready means 
in dealing with celestial bodies for all types of aircraft. The quantities in this Almanac 
are tabulated to 1’ of arc and can be used by surface craft in open waters, providing 
that the limitations of the Almanac are understood without ace of introducing 
any serious error, but the Almanac should not be used near land except with caution, 
because the error resulting from its use is not the only error to be expected in the 
observed position, but also all other unavoidable errors occurring in any sight observed 
with sextant. The Air Almanac is conveniently arranged for every day in the year, 
to give all data, for Sum, G. H. A. T, Planets, Moon, sunrise, sunset, moonrise, 
moonset, twilight, Semidiameter of Sun and Moon and Moon’s parallax; all arranged 
on one sheet. Corrections for any Greenwich Civil Time interval for Sun, Planets, 
and Moon are given on the front inside cover. On the back inside cover an alpha- 
betical list of the stars are tabulated indicating the stars hour angle (S. H. A.) which 
is equal to (360°—R. A.) also the declination and magnitude. The error in any 
interpolated Greenwich hour angle of a celestial body depends upon the number of 
quantities that form it and is never larger than 1’.8 and the average error is 0’.5 
except certain star hour angles shown in parentheses. The error resulting from the 
use of this Almanac in a position determined by two simultaneous observations will 
rarely be as large as 5 miles. 

Hour Angle of Sun.—The Greenwich hour angle of the sun at any given instant 
of G. C. T. is found by adding the G. H. A. for the preceding hour taken from the 
tabulated data of the daily sheet for every 10 minutes of time, to the correction for 
the sun’s motion in the odd minutes and seconds taken from the interpolation table 
for the sun. The Greenwich hour angle of the celestial body from the Greenwich 
meridian (G. H. A.) is tabulated in arc for every 10 minutes of G. C. T. For the 
exact instant of observation, the correction to G. H. A. is found by inspection from 
a G. H. A. interpolation table on the inside front cover of the Almanac. To find the 
local hour angle, apply the observer’s longitude, subtracting in west longitude from 
the G, H. A. to which 360° is added if necessary, but adding in east longitude and 
subtracting 360° from the resulting sum if necessary. 


Example.—In Long. 120° W., at G. C. T. 21" 24™ 37°, find the G. H. A. and 
L. H. A. of the Sun on January 1, 1943. 


G. C. T. 215 24™ 378 

G. H. A. 215 20= 139° 07’ (Daily p. m. sheet) 

Corr. 4™ 37s 1 09 (Choose upper of two adjacent values from table on 
a) front cover when argument is an exact tabulated 
value 

G. H. A. 215 24" 37" 140 16 W. 

Long. 120 OO W. 

L. H. A. 20 16 W. 


Example.—In Long. 23° 30’ E., at G. C. T. 08" 23™ 47°; find the G. H. A. and 
L. H. A. of Moon, on January 1, 1943. 


G. C. T. 08> 23" 47 

G. H. A. 085 202 16° 17’ (Daily a. m. sheet) 

Corr. 3™ 47 55 (From inside front cover) 

Corr. H. A. € 0 (Additional correction on a. m. sheet in lower right hand 


corner due to irregularity of the moon's motion. This 
correction must always be made) 


G. H. A. 085 23" 47" 317 12 W. 
Long. 23 30 E. 


L. H. A. 40 42 W. 
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Example.——In Long. 45° E., at G. C. T. 16° 37™ 40° find the G. H. A. and L. H. A. 


of the planet Saturn on January 1, 1943. 


G. C. T. 165 37™ 40¢ 

G. H. A. 165 30™ 282° 44’ 

Corr. 7™ 40# 1 55 (Corr. inside front cover) 
G. H. A. 165 37" 40" 284 39 W. 

Long. 45 00 EB. 

L. H. A. 329 39 W. 


The correction for the same example taken from the American Nautical Almanac 


for January 1, 1943, is as follows: 
Saturn, Jan. 1,G.C.T. 165 37™ 40» Var. per min. 15’0438 
G. H. A. 04 34° 30’.6 


Corr. for Planets 165 240 42 .2 Corr. 15’0400= 9° 16’.5 
Corr. 15’0500=9° 16’.8 

Corr. for Planets 37” 9 16.6 Corr. 15’0438=9° 16’.6 

Corr. for Planets 40° 10 .0 

G. H. A. 165 37™ 40". ‘' 284 39.4 W. 


The G. H. A. of a star=G. H. A. Aries plus Star hour angle (S. H. A.). 
The S. H. A. for any star can be determined by subtracting stars R. A. from 360°. 
Example.—In Long. 169° 20’ W., at G. C. T. 15" 21™ 10°, find the G. H. A. and 


L. H. A. and Declination of Star Sirius on January 1, 1943. 


G. C. T. 155 21™ 10# 
G. H. A. T, 155 20™ 330° 24’ (From p. m. daily sheet) 
Corr. 1™ 108 0 18 (Inside front cover) 
G.H. A. T 330 42 
S. H. A. Sirius 259 20 (Inside back cover) Dec. 16° 38’ 8. 
G. H. A. Sirius 590 02 W. 
Long. 169 20 W. 

420 42 W. 

— 360 

L. H. A. Sirius 60 42 W. 


Correction to Altitudes.— All observed altitudes must be corrected for refraction, 


and the Moon for parallax. If the upper or lower limb of the Sun or Moon is 
observed, the correction for semidiameter must be made and observations utilizing 
the horizon must be corrected for Dip. 


Example.-—On January 1, 1943, an observation of the sun’s lower limb utilizing 


the horizon, h, 47° 10’, I. C.4+1’, height of eye 36 feet, find true altitude (hg). 


Corr. 


ho 


H. O. PUB. No. 9 AIR ALMANAC 


47° 10’ TC, + 1'.0 h, 47° 10’ I.C. +1’ 
+ 10.6 Alt. +15 .2 (Tab. 40) Corr. +10 ee —6 (Cover) 


Date + 0.3 


+16 (a. m. page) 


47 20.6 Ht. eye — 5.9 he 47 20 Ref. —1 (Cover) 


Corr. +10 .6 Corr. +10 
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Erample.—January 1, 1943, the sextant altitude of the moon’s lower limb was 
23° 30’.0; I. C.—1’; H. E. 60 ft., G. C. T. 11" 40™ 00° find true alt. (h,) of moon. 


H. O. PUB. NO. 9 AIR ALMANAC 
h, 23° 30’ 1.-C, —1’.0 h, 23° 30’ I. C. —1’ 
H. A. corr. +66 .8 (Tab. 41) Ref. —2 (Cover) 
Corr. +658 .2 H. E. —7 6 Corr. + 58 8S. D +16 (a. m. page) 


a ee Paral. +53 (a. m. page) 
h, 24 28.2 Corr. +58 .2 ho 24 28 Dip. —8 (cover) 


(From Nautical Almanac, H. P.=58’) Corr. +58 
When using a bubble octant for celestial observations, the errors to be corrected 
for stars and planets are for refraction only, which is found on back cover of Air 
Almanac, but for the moon, corrections are made for refraction and parallax. 
Example.—January 1, 1943, the altitude of star Arcturus was measured with a 
bubble octant flying at 20,000 feet. H, 45° 15’; I. C. 0’. 


H, 45° 15’ Ref. —1’.0 (Back cover) 
Corr. —1 


H. 45 14 


The Polaris table printed on back of star diagram of Air Almanac gives for values 
of L. H. A. Y, the correction which must be applied to the true altitude of Polaris to 
determine the latitude of place. 

Ezample.—January 1, 1943, flying at 5,000 feet in Long. 75° W. the observed 
altitude of Polaris with bubble octant was (h,) 45° 20’ at G. C. T. 225 50™ 10°. What 
is the latitude? 


G. C. T. 22» 50™= 10° 
———__— h, 45° 20’ 
G. H. A. T, 22 50™ 83° 13’ Ref. —1l 
Corr. 10° 03 
h, 45 19 
G.H. A. & 83 16 W. L. H. A. T, 8° 16’ —57 (Inside back cover) 
Long. 75 00 W. 
Lat. 44 22N. | 
L.H. A. & 8 16 W. 


~ 


Diagram.—The diagram on the right side of a. m. sheet indicates a locality in 
the region of the ecliptic, where the sun, moon, and planets are found. Four bright 
stars are also selected, Aldebaran (Dec.+16°). Regulus (Dec.+12°), Spica (Dec. 
—10°) and Antares (Dec.—26°). The moon is shown in its different phases, together 
with 5 planets, Mercury ¥, Venus 9, Mars o’, Jupiter 2, and Saturn k, unless they 
are within 5° of the Sun. The position of the Vernal Equinox (T) is shown for 
reference. The diagram is 360° long and represents a complete circle around the sky, 
the two ends of the diagram represent a point on the sky 180° from the Sun. At 
any given time only half of the region on the diagram is visible so that the region 
near the center is rising in the East and the region marked West is setting in the west. 

Ezample.—January 1, 1943, the diagram shows that at sunrise Mars and Antares 
are about 30° westward of the Sun, Mars is 4° northeastward of Antares. The 
Moon is in the last quarter and is a few degrees northward of the star Spica, both of 
these bodies are eastward and close to the meridian. The star Regulus is about 
three hours westward of the meridian and low down near the horizon is the planet 
Jupiter. Halfway between the Sun and Jupiter is the local meridian. At sunrise 
Venus and Mercury lie about 10° and 18° eastward of the Sun and set a little later 
than the Sun. Away in the eastward is the star Aldebaran and the planet Saturn 
lying 3° northwestward of it. A few hours after sunsct the brilliant Jupiter rises in 
the east, followed 3 hours later by the rising of Regulus. 

On the p. m. side of the daily sheet is given the local civil time of sunrise, sunset, 
moonrise, moonset, and time of civil twilight (sun 6° below horizon), for latitudes 
from 60° N. to 60°S. The duration of dawn is obtained by subtracting its beginning 
from the time of sunrise and the ending of evening twilight by adding its duration to 
the time of sunset. The time given for twilights are for local time and must be cor- 
rected for any standard or zone time. 

541524°43-__14 
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Ezxample.—F ind the 75° standard time of dawn and twilight in Lat. 37°30’ N.; 
Long. 77° W. on June 1, 1943. 


Sunrise Dawn Sunset Twilight 
L. C. T. from p. m. Page A ee fis OS Ee es es ine tae O75 15= 30™ 165 52m 30™ 
Corr. for 2° of Long Of 75° Mere ose tes +8 +8 
75° OtGNCard times. jones lo tase eee ees 07 23 17 00 
Duration of dawn and twilight.-_...._---.---- — 30 +30 
Standard time of beginning and end of twilight-. 06 53 17 30 


There are three stages in the period of twilight: 

Civil Twilight (given in Air Almanac) which begins and ends when the sun’s 
center is 6° below the horizon, is the time when the horizon grows indistinct in the 
evening or begins to get clear in the morning. (The one used in practical navigation 


observations. 
Nautical Twilight begins or ends when the sun’s center is 12° below the horizon. 
Astronomical Twilight as given in the American Nautical Almanac begins and 


ends when the sun’s center is 18° below the horizon at which time absolute darkness 
is assumed to begin or end, so far as the sun is concerned. 
Table.—There is also a table given in the Air Almanac for corrections to times of 
sunrise, sunset, dawn, and twilight for heights in feet from 250 to 40,000 feet. 
Example. —In the above example for Lat. 37°30’ N.; Long. 77° W. find sunrise, 
sunset, dawn, and twilight for a plane flying at 40,000 feet. 


Sunrise Dawn Sunset Twilight 
75° standard time__________-_- 0723 30= 1700 30™ 
Corr. from height table 40,000 ft. —22 + 22 
75° standard time_________--- 0701 1722 


1730 + 8" = 1738 =end of twilight at 40,000 ft. 
Above example 0653— 8™ at 40,000 ft.=0645 
beginning of twilight. 


The columns for Moonrise and Moonset are for the time of transit, Greenwich 
meridian. Since the time of the moon’s movements are one hour later from day to 
day, interpolation for longitude of observer in the different latitudes is given in the 
last column ‘‘Diff.’’ 

Example.—January 1, 1943, find the zone time of moonrise and moonset in 


Lat. 58° N., Long. 132° W. 

Moonrise Moonset 
Gi C2 TD for teat. 58 Nisan ee ro ee See bet 01> 39m 12h 32™ 
Corr. for 132° Diff. column (81™ and 23™)__-.--_--__- ee +30 +8 

360° 

MG oe srs chet ieee baie et ae! eh hats Iai es Bis eee 02 09 12 40 
Corr. for+9 zone (3° or 12™ E.)_...-- eee —12 —12 
Lone time OF Tise: OF Betis own a obs eee oe eee ee Sehe eee wedsewees 01 57 12 28 


Example in navigation with the Air Almanac.—On January 1, 1943, the S. S. 
Elmcoll on a voyage from Seattle to the Pacific, in D. R. Lat. 45° N. , Long. 150° W., 


desired morning sights of certain stars for a fix of position. 


Sunrise 

Morning twilight Lat. 45° L. C. T___-_-__- eee 07) 38™= 
DUrAUION CWINBRUsa se ose oe ee eek ee tee eee oud cctos 34 
Time beginning of pieeioeae sta AN lg ps Rees DO eaten Ne See ee ct 07 04 
DO OO WN eee ae ss ee a ree ae She are eee oad 10 00 
OCG) 28 ge eee eee oe hee eee eee he eee tlt ee 17 04 
G. ba A. PEP. i SHOCE 26 eo oe eee ete se oe bees 355° 287 

BS a nah al Gtk ae lS acct rae Set ee ed a 00 
ae FA Pe toe ee eh eee eee eee ea ee eee es eee 356 28 
TONG so a et eee Soi oe wee See ees Beer 150 00 
Deca Vl oooh ewceceee seca so oe eet eet cots ee eee erect em esecen 206 28 


Twilight 
34m 
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Place 45° template on Star Finder (H. O. 2102C) and set arrow on rim to 


read L. H. A. T, 206°30’. 


Select from “Star Finder.”’ 
Polaris, bearing N., h, 45° Z, 000°. 
Arcturus, bearing S., h, 64° Z, 165°. 

E., h, 37° Z, 70°. 


Vega, bearing 


Regulus, 


bearin 


W., h, 33° Z, 253°. 

The navigator should be on the bridge about watch time 0645, or G. C. T. 
165 45™; I. C. +1’.0”; height of eye, 30 feet. 

Sights as follows January 1, 1943: 


Stars G. C. T. he . Dee. 
Polaris 165 55™ 208 44° 06’ 
Arcturus 16 58 12 63 37 19° 29’ N. 
Regulus 17 O1 43 33 27 12 15 N. 
Vega 17 04 41 37 50 38 44 N, 
POLARIS ; | 
Ref. —1’ 
G. C. T. 165 55= 20# h,. 44° 06’ I.C. +1 
—— Corr. —§ Dip. —5 
G. H. A. 7, 16" 50™ 352° 58’ 
Corr. 05™ 20° 1 20 h, 44 Ol Corr. —5 
G.H. A. T 354 18 W. Corr. L. H. A. T +1 00 (Table Air Alm.) 
Long. 150 00 W. 
Lat. 45° 01’ N. 
L. H. A. f 204 18 W. : 
ARCTURUS REGULUS VEGA 
G. C. T. 165 58™ 12s G. C. T. 175 O01™ 43s G. C. T. 175 04™ 415 
G.H. A. T 165 50™ 352° 58’ G. H. A. f 175 355° 28/ G. H. A. YT 175 355° 28’ 
Corr. 08™ 12# 2 03 Corr. 01™ 43° Corr. 04™ 41+ 1 10 
G. H. A. & 355 Ol 355 54 356 38 — 
8S. H. A. 146 44 208 40 81 15 
G. H. A. * 501 45 564 34 437 53 
Less 360 — 360 — 360 
G. H. A. * 141 45 W. 204 34 W. 77 «+5&38W. 
Long. 150 00 W. 
L. H. A. xX 8 15 E. 
ARCTURUS 
Lat. 45° \=3” I. C. 4! 
a (Tab. 29) Dec. 19° .5f h, 63° 37’ Dip.f 
at? (Tab. 30) 3°’ \=+54 Ref. —1 
L. H. A. 8° 15/f Corr —5§ — 
=33"™ or 1089” Corr. —5 
h, 63 32 
al? +54 
H. 64 26 
g, 25 34N. 
d, 19 29N. 
Lat. 45 03 NM Lat 45° 02’ N 
Polaris, Lat. 45 O1 Nf C82 %4. . 


REGULUS VEGA 
h. 33° 27’ I. a _4 h, 37° 50’ I. C. _4! 
Dip Dip 
Corr. —5 Ref. —1 Corr. —§ Ref. —1 
Corr. —5 Corr. —5 
h, 33 22 h, 37 45 
z 56 38 nat. hav. 37064} tree 52 15 nat. hav. 19389 
(L~d) 32 47 nat. hav. 07964 


ee 


nat. hav. 14536 
loghav. 9.16244 
sec. 15077 


Zz 
tract (L~d) 6 18 nat. hav. 302 
nat. hav. 19087 
loghav. 9.28074 
sec. 1 


Lat 45° 02'N Lat. 45° 02’ N 5077 
Dec 12 15 N. sec. 1000 Dec. 38 44 N. sec. 10787 
L.H. A. 54° 37’ W. loghav. 9.32321 L.H. A. 72° 06’ FE. loghav. 9.53938 
G.H. A. 204 34 W . G.H.A. 77 53 W 
Long. 149 57 W Long. 149 59 W 


Mean Long. 149° 58’ W. 
Fix Lat. 45° 02’ N., Long. 149° 58’ W. 
About 0910 on course 260° in Lat. 44° 58’ N.; 150° 24’ W. at G. C. T. 19" 11™ 25° 


simultaneous observations were taken of the moon’s upper limb, h, 31° 50’ and the 
sun’s lower limb h, 11° 20’; I. C.+ 1’.0; H. E. 30 ft. Find position of vessel. 


MOON SUN 
1. CG, , GC. T. 19 11™ 258 I. C. , G.C. T. 195 12 148 
Dip Sr eee Dip FN eee ps eee ee 
Par. +49 G. H. A. 19510" 173° 18’ Ref. —5 G.H. A. 19510" 106° 38’ 
Ref. —2 Corr. 1™ 25 0 21 Corr. 2™ 148 34 
S. D. —16 - S. D. +16 ——— 
G. H. A. Moon 173° 39’ W. — G.H.A. a 107 12 W. 
Corr. +27 Dee. 8° 47’ §. Corr. +7 Dec. 23 02 8S. 
h, 31° 50’ h, 11° 20’ 
h, 32 17 h, 11 27 
z 57 43 nat. hav. 23295 z 78 33 nat. hav. 40074 
(L~d) 53 45 nat. hav. 20435 (L~d) 68 00 nat. hav. 31270 
02860 nat. hav. 08804 
log hav. 8.45637 log hav. 8.94468 
Lat. 44° 58’ N. sec. 15026 Lat. 44 58 N. sec. 15026 
Dec. 8 47 S. Bec. 512 Dec. 23 02 S. sec. 3608 
L. H. A. 23 20 W. hav. 8.61175 L. H. A. 43° 09’ E. sihav. 9.13102 
G.H. A. 173 39 W. G. H. A. 107 12 W. 
Long. 150° 19’ W Long. 150 21 W. 


Mean Long. 150° 20’ W. 
Run-Course 260°; 40m to noon, D. L. 7’; D. R. Long. noon 151° 16’ W. 


Noon, D. R. res 151° 16’ 
Jan. 1,G.H. A. Sun 151 37 for G.C. T. 225 10™ 00° 


Difference 21 (Corr. front cover) —1 23 


ee 


| G.C. T. of L. A. noon 22 08 37 Dec. 23° 01’ 8. 
Observation at G. C. T. 22% 08™ 37* sun’s lower limb h, 22° 00’. 


h,  —-22°: 00 I. c. 4 
Corr. +09 Dip. 

Ref. — 3’ Long. 0910 150° 20 W. 
h, 22 09 S.D. +16’ Run to noon D. Lo. 56 W. 
s, 67 51N. Corr. +9’ D. R. Long. noon 151 16 W. 
d, 23 0158S. 


Lat. 44 50N. 
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Since the D. L. is 7’, then Lat. 44° 50’-++-7’= Lat. 44° 57’ N. and Long. 150° 20’ 
W. as the true fix at 0910. 
Run to afternoon Sun sight, Course 260°, Dist. 31 miles, Lat. D. R. 44° 45’ N., 
ae re 58’ W. G.C.T. 00° 19™ 34° January 2, sun lower limb h* 16° 04’; I. C.+1’; 
. &. 30 It. 


SUN 
I. C. _4! G. C. T. 00* 19” 34s 
h, 16° 04’ Dip. _— 
Corr. +8 Ref. —4 G. H. A. 00° 10", 181° 36’ 
8.D. +16 Corr. 09™ 34:, 2° 24 
h, 16 12 _— 
_ Corr. +8 G. H. A. Sun 184 00 W. 
73 «448 n. hav. 36050 Dec. 23° 01’S. 
(L~d) 67 46 n. hav 31081 
04969 
log hav 8 69627 
Lat. 44° 45’N. sec. 14863 
Dec. 23 O1S. sec. 03603 
L. H. A. 32 01 W. loghav. 8 88093 
G. H. A. 184 00 W. 
Long. 151 59W. D.R. Lat. 44° 45’ N. 


Prepare now the evening twilight sights; run to 1630, course 260°, 31m. D. L. 
5’.4; Dep. 30.5; D. Lo. 43’; D. R. Lat. 44° 40’ N., Long. 152° 42’ W. 


Sunset 


165 30™ 
Twilight duration 34 
End of twilight - 17 04 
Long. 10 11 W. 
G. C. T. 3 15 Jan. 2 
G. H. A. T, 35 10” 148° 23’ 
Corr. 5™ 1 15 
G. H. A. & 149 38 
+360 

509 38 W. 
Long. 152 42 W. 
L. H. A. T 356 56 


Set “Star Finder’ with template, Lat. 45° N. and arrow at L. H. A. T, 356° 56’, 
and note the following stars for observation. 

Polaris, bearing N., h, 45°, Z, 000° 

Deneb Kaitos, bearing S.., Poh 26° 7, 166° 

Aldebaran, bearing E., h, 25°. Z, 092° 

Vega, bearing W., h, 33°, Z, 294° 

The following stars were observed: 


7 G. C. T. (January 2) Stars kh, Dee. 
035 267 15° Vega 31° 54’ 38° 44’ N. 
03 29 40 Deneb Kaitos 26 30 18 18 S. 
03 32 38 Polaris 45 40 


e 03 36 20 Aldebaran 28 35 16 24 N. 
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Find the ship’s position at G. C. T. 0331. This steamer is making 0’.4 S. per 
minute and 0’.23 W., or 0°.9 W. 


POLARIS 
G. C. T. 035 32™ 38: h, 45° 40’ I.-C.) _ 4! 
—_— Dip 
G. H. A. T 035 30" 153° 24’ Corr. —6§ Ref. —1 
Corr. 02™ 38° 40 2s 
—__— h, 45 35 Corr. —5 
G.H.A. Tf 154 04 W. Corr. — 55 (Air Almanac) 
Long. 152 42 W. 
—— — Lat. 44 40N. 
L.H. A. &f 1 22 
DENEB KAITOS 
G. C. T. 035 29™ 40¢ 
G. H. A. T 035 20" 150° 54’ 
Corr. 09™ 40 2 25 
G.H. A. & 153 19 
S. H. A.x 349 49 
G. H. A.x 503 08 W. 
Long. 152 42 W. 
L. H. A.x* 350 26 W. 
or 9 34 E. hav. 7.84221 
Lat. 44° 40’N. Cos 9.85200 
Dee. 18 18 8S. Cos 9.97746 
hav. 7.67167 
.00470 
.27275 
(L~d), 62 58 
(L~d), 63 34 627745 
Reduction to mer. + 36 he 26° 30’ iI. ct _4! 
hy 26 24 Corr. —6 Dip 
—_—— Ref. —2 
H. 27 00 h, 26° 24’ — 
—-—_ Corr. —6 
Z. 63 OO N. Or by 
d. 18 18S. Tab. 29, a=1".5 
—_—_—_ Tab. 30= 17.5 X (38™)?= 
Lat. 44 42 N. 17.5 1444= + 36’ Red. 
Polaris Lat. 44° 40’ N. 644s 
Deneb Kaitos Lat. 44° 42’ N.}Mean Lat. 44° 41’ N. 
VEGA ALDEBARAN 
G. C. T. 035 26™ 15s G. C. T. 035 36™ 20s 
G. H. A. T 035 20™ ~~ 150° 54’ G. H. A. YT 035 30™ 153° 24’ 
Corr. 06™ 15* 1 34 Corr. 06™ 20° 1 35 
G.H. A. T 152 28 G.H.A. & 154 59 
S. H. A. Vega 81 15 S. H. A. x 291 50 


G. H. A. Vega 233 43 W. G. H. A.x 86 49 W. 


Lat. 
Dec. 


L. H. A. 
G. H. A. 


Long. 
Run 


Long. 


In 105.5 change in long.=11", then in 245=25 minutes. 


From morning star fix G. C. T. 
To evening star fix G. C. T. 


cd 
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VEGA 
I. C. 
81° 54’ Bint —# Hi 
—6 Ref. —2 Corr 
31 48 Corr. —6 H, 
68 12 n. hav. 23652 2 
5 57 n. hav. 00269 (L~d) 
n. hav. 23383 
log. hav. 9. 36890 
44 AI1N. sec. . 14813 Lat. 
38 44N. sec. . 10787 Dec. 
80° 59’ W. hav. 9. 62490 L. H. A 
233 43 W. G. H. A 
152° 44’W. Long. 
+1 W. for 5™ = 0°.9=5x .9= Run 
See 4e— ’ 
152 45 W. Long. 


ALDEBARAN 
28° 35’ 
—6 
28° 29’ 
61 31 n. hav. 26155 
28 17 n. hav. 05969 
n. hav. 20186 
log hav. 9. 30505 
44 41N. _ see. . 14813 
16 24N. _ sec. . 01804 
65 55 E.. hav. 9. 47122 
86 49 W. 
152 44 W. 


—1 W. for 5™=4* or —l’ 


152 43 W. 


Mean Longitude= 152° 44’ W. 
Latitude= 44 41 N. 


Difference 


10.5 


Set ship’s clocks back 25™ due to run westward. 
Set course for the night 260°, speed 14 knots. 


174. O= Long. 149° 58’ W. 
275, 5=Long. 152 44 W. 


2° 46/=11™ 
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=] a=] 2 [eens] ene |2-e [= 
GHA Dec GHA Dec. | GHA Dec 
An a Sk ’ Se ° s oe | a oe + i ’ xs 
0 00/179 14 S23 05! 99 46/209 51 S22 16/346 25 N21 59| 34 31 N19 36 
10 ||181 44 102 17/212 21 348 56 37 01 
20 ||184 14 104 47/214 51 351 26 39 31 
30 ||186 43 - * 1107 18/217 21 - - 1353 57 - - | 42 @- * = 
40 ||189 13 109 48/219 51 356 27 44 32 - 
50 ||191 43 112 18|222 21 358 57 47 03 > 
1 00 ||194 13 S23 05/114 49|224 51 S22 16; 1 28 N21 59) 49 33 N19 36) 269 
10 ||195 43 117 19|227 21 3 58 52 04 0 
20 ||199 13 119 50/229 51 6 29 54 34 8 
30 ||}201 43 - + 1122 20/232 21 - ° 8 59 : 57 05° . 13 
40 13 124 50/234 52 11 30 59 35 17 
50 ||206 4 127 21/237 22 14 00 62 20 
2 00 13 S23 05|129 51/239 52 S22 16) 16 31 N21.59| 64 36 N19 36) 284 23 
10 ||}211 43 132 22/242 22 19 01 67 06 23 
20 ||/214 13 134 52/244 52 21 32 69 37 27 
30 ||216 43 - ¢ 1137 23/247 22 - * | 24 02 - ° 72 OT ° : 29 
40 ||219 13 139 53|249 52. 26 33 74 38 31 
50 ||221 43 142 23/252 22 29 03 77 08 = 
3 00 ||224 13 S23 05/144 54|254 52 S22 17| 31 34 N21 59) 79 38 N19 36 36 
10 ||226 43 147 24/257 22 34 04 82 09 38 
20 ||229 13 149 55/259 53 36 34 84 39 40 
30 ||231 43 . - 1152 25/262 23 - + | 39 05 - - | 87 10° = 41 
40 ||234 13 154 55/264 53 41 35 89 40 43 
50 ||236 42 157 26/267 23 44 06 92 il 44 
4 00 ||239 12 S23 05/159 56| 269 53 S22 17| 46 36 N21 59] 94 41 N19 36 45 
10 ||241 42 162 27/272 23 49 07 97 12 47 
20 ||244 12 164 57|274 53 51 37 99 42 48 
30 ||246 42 > « 1167 27|277 23 - - | 54 08 - *. 1102 12 . 49 
40 ||249 12 169 58|279 53 56 38 104 43 51 
50 ||251 42 172 28) 282 23 59 09 107 13 52 
§ 00 ||254 12 S23 04/174 59/284 53 S22 17| 61 39 N21 59) 109 44 N19 36 53 
10 ||256 42 177 29|287 24 64 10 112 14 54 
20 ||259 12 180 00/289 54 66 40 114 45 56 
30 1/261 42 - + |182 30)2902 24 - + | 6911 + + |117 15° 57 
40 ||264 12 185 00) 294 54 71 41 119 45 58 
50 ||266 42 187 31|297 24 74 12 122 16 
0 
6 00 ||269 12 S23 04/190 01/299 54 S22 18| 76 42 N21 59| 124 46 N19 36 61 
10 ||271 42 192 32/302 24 79 12 127 17 62 
20 1/274 12 195 02|304 54 81 43 129 47 64 
30 ||276 42 197 32|307 24 84 13 « 1132 18 65 
40 ||\279 12 200 03/309 54 86 44 134 48 66 
50 ||281 42 202 33}312 25 89 14 137 19 67 
7 00 ||284 12 S23 04/205 04/314 55 S22 18; 91 45 N21 59/139 49 N19 36 68 
10 ||286 42 207 34/317 25 94 15 142 19 69 
20 ||289 11 210 04/}319 55 96 46 144 50 70 
30 ||}291 41 - - |212 35/322 25 99 16 147 20° 71 
40 ||204 il 215 05|324 55 101i 47 149 51 T2 
50 ||296 41 217 36|327 25 104 17 152 21 73 
8 00 ||299 11 S23 04/220 06/329 55 S22 18|106 48 N21 59) 154 52 N19 36 74 
10 || 301 41 222 37/332 25 109 18 157 22 75 
20 ||304 11 225 07/334 55 111 49 159 52 76 
30 ||306 41 - + (227 37/337 25 - - {114 19 . + |162 23 - . T7 
40 ||309 11 230 08/339 56 116 49 164 53 78 
50 ||311 41 232 38/342 26 119 20 167 24 79 
80 
9 00 1/314 11 S23 04/235 09/344 56 S22 18/121 50 N21 59| 169 54 N19 36 
10 ||316 41 237 39/347 26 124 21 172 25 
20 ||319 11 240 09/349 56 126 51 174 55 SD 
30 ||321 41 - «+ 1242 40/352 26 - ¢- |129 22 - - 1177 26° . 
40 ||324 Il 245 10/354 56 131 52 179 56 16 
50 ||326 41 247 41|357 26 134 23 182 26 
10 00 1/329 11 S23 03/250 11/359 56 S22 19/136 53 N21 59| 184 57 N19 36 sp € 
10 ||231 41 252 41; 2 26 139 24 187 27 . 
20 ||334 11 255 12) 4 57 141 54 189 58 16 
30 113386 44 - + |25742| 727+ © {144 25 - * | 182 26 2 
40 ||339 10 260 13} 957 146 55 194 59 Corr 
50 ||341 40 1262 43] 12 27 149 26 197 29 HA 
11 00 ||344 10 S23 03/265 13| 14 57 S22 19|151 56 N21 59/199 59 N19 36 
10 ||\346 40 267 44| 17 27 154 26 202 30 aa 
20 ||349 10 270 14] 19 57 156 57 205 00 § 
30 13951 40 = + {272 45) 22 27 +> ++ 115927 - + {207 31° ° m 
40 |\354 10 275 15) 24 57 161 58 210 Ol 
50 ||356 40 277 46| 27 27 164 28 212 32 1 
12 00/1359 10 S23 03/280 16) 29 57 S22 19/166 59 N21 59) 215 02 N19 36 
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14 
410 


| 
\ 
6 40 . 
9 10 391 N 
11 40 oy nim 
| 14 10 03 43183 
16 40 45158| 8 46 39/81 
19 10 46 32 36/79 
21 40 - 48154] 19 34176 
24 10 50152] 8 08 31175 
26 40 52150| 759| 23| 29173 
29 09 38| 34| 24/70 
31 39 22| 31) 21/66 
34 09 57135| 708| 2| 17/64 
| 36 39 . 656| 26] 14/61 
| 39 09 35| 24| 09157 
| 41 39 02110) 6 17| 23| 05/53 
| 44 09 S23 112 55S 8 041 9| 5 59| 22] 1 o1/50 
46 39 05 
| 49 09 07110} 43] 23| 0 57/47 
| 51 39. 24| 25| 52/44 
| 54 09 11130| 5 02] 27| 48/40 
| 56 39 12135] 4 49| 20] 45/38 
1 59 09 S23 34| 32 42|38 
1 61 39 16]45| 4 17] 36] 38/32 
| 64 09 18150} 355| 43] 34/29 
| 66 39 « 19152} 44| 48| 32/97 
1 69 09 21154] 32/ 53] 30/25 
1 71 39 23156) 18] 61] 27|24 
1 74 09 02| 72) 25/21 
16 39 26160| 2 42] 95! 0 22/18 
79 08 
81 38 - 
84 08 
86 38 
| 89 08 120 01 S22 21/257 16 N22 00/305 18 N19 36 
| 91 38 122 31 259 46 307 48 
| 94 08 125 01 
1 96 38 - 
1 99 08 
101 38 
104 08 S23 02 
108 38 
109 08 
111 38 - 
114 08 
116 38 
119 08 
121 38 
134 07 
| 
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a 
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° ° e ° s ° é é ° é 

179 07 S23 01100 46/210 04 S22 22/347 33 N 5 34 23 18S 9 36 
181 36 103 16|212 34 38 04 45 43 38 
184 06 105 46|215 04 40 34 28 07 ~—s 389 
186 36+ + |108 17/217 35- 43 05 250 32° 4! 
189 06 110 47|220 05 45 35 5257 43 
191 36 113 18]222 35 48 06 3522 44 
194 06 S23 00/115 48/225 05 S22 23] 2 35 N22 00] 50 36 N19 36|257 47S 9 46 

36 118 18|227 35 53 07 280 il 
199 06 120 49/230 05 55 37 2236 04 
201 36+ + 1123 19/232 35- - 58 07° + 1285 01° 51 
204 06 125 50] 235 05 60 38 287 26 3 
206 36 128 20|237 35 5 08 63 08 50 
209 06 S23 00|130 50/240 05 S22 23 65 39 272 15S 9 56 
211 36 133 21|242 35 20 09 68 09 7440 5 
214 06 135 511245 06 70 40 7065 95 
216 36.- + {138 22/247 36- - 73 10 279 30-10 01 
219 06 140 52/250 06 75 41 281 54 
221 36 143 23|252 36 78 il 28419 0 
224 06 S23 00/145 53/255 06 S22 23 80 41 N19 36/286 44 S10 06 
226 36 148 23|257 36 35 il 83 12 289 09 ~—s«éO8 
229 06 150 54/260 06 291 33 sO 
23135 - - |153 24/262 36- 293 58- 11 
234 05 155 55|285 06 29623 1 
236 35 158 25|287 36 29848 1 
239 05 S23 00/160 55/270 07 S22 23 301 12 S10 16 
241 35 163 26|272 37 303 37 ~— sd 
244 05 165 56|275 07 306 02 ~—s As 
246 35+ + (168 27|27737- - 308 27° 21 
249 05 170 57|280 07 3105102 
251 35 173 27|282 37 3131602 
254 05 S23 00/175 58/285 07 S22 24 315 41 S10 26 
256 35 1 287 37 318 06 3 
259 05 180 59|290 07 320 30s 
26135 - + 1183 29/292 37- - 322 55° 31 
264 05 185 59/205 07 325 20-32 
266 35 188 30|297 38 327 44 34 
269 05 $22 59 Lol 00/300 08 S22 24 330 08 S10 36 
271 3 3 31/302 38 332 34 3 
274 05 198 01/305 08 334 59 39 
27635 + (198 32/307 38 - - 337 23- 41 
279 05 201 02/310 08 339 48 0 42) 
231 34 203 32/312 38 3421344 
284 04 S22 59/206 03/315 08 $22 24 344 37 S10 46 
286 34 208 33/317 38 702 2=—4 
289 04 211 04/320 08 349 27 49) 
991 34+. + |213 34/322 38 - 351 51° 50 
294 04 216 04/325 09 354 16 52 
296 34 218 35|327 39 356 415 
299 04 S22 59/221 05/330 09 S22 24/107 55 N22 00/155 55 N19 35/359 06 S10 55 
301 34 223 36/332 39 
304 04 226 06/335 09 355 1059 
306 34- + |228 36/33739. - 6 20 -11 00 
309 04 231 07/340 09 8 44 
B11 34 233 37|342 39 1109 03 
314 04 S22 59/236 08/345 09 S22 25/122 58 N22 001 170 57 N19 35| 13 34 S11 05 
316 34 238 381347 39 125 2 15 58 
319 04 24¢ 091350 09 18 23 0 
32134. + 1243391352 40. - 20 48+ 10 
324 04 246 09/355 10 2312 9» if 
326 34 248 40/357 40 183 29 37.—s«13 
329 04 S22 59/251 10] 0 10 S22 25/138 01 N22 00] 186 00 N19 35| 28 02 Sil 15 
331 34 253 41| 2 40 140 31 188 30 30 28 Ss 
334 03 256 11] 5 10 32 1 
336 33 - - 1258411 740- - 318+ 1S 
339 03 261 12} 10 10 3740 3921 
341 33 263 42| 12 40 198 32. 4005 23 
344 03 S22 58/266 13; 15 10 S22 25/153 04 N22 O1 42 30 SI 24 
346 33 268 43| 17 40 155 34 4454 26 
349 03 271 13] 20 it 4719 27 
35133 - + |27344| 22 41° > 49 43° 29 
354 03 276 14) 25 It 5208 31 
356 33 278 45| 27 41 5433 32 


359 03 S22 58/281 15] -30 11 S22 25/168 06 N22 01/216 05 N19 35) 56 57 S11 3: 
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GREENWICH P. M. 1943 JANUARY 2 (SATURDAY) 


o 
o 
Fo 

E 


MARS 1.7 
GHA Dec. 


& om © r 0 r) o rile ’ oUF ° ’ o hf 

12 00 359 03 S22 58/281 15| 30 11 S22 25/168 06 N22 01 
104 133 283 46! 32 41 170 37 
201 403 286 16] 35 11 173 07 
3901 633. ~- 1288 46) 3741 - ~- |17538- .- 
40 | 903 291 17! 40 Il 178 08 
50 || 11 33 293 47| 2 4 180 39 

13 00 || 14 03 S22 58/296 18] 45 12 S22 26|183 09 N22 oO! 
10 |i 16 33 98 48! 47 42 185 40 
20 || 19 03 301 18| 50 12 188 10 
30 || 2133+ - {303 49| 5242- + |i9041- -; 
@ || 24 02 306 19; 55 12 193 11 
50 1 26 32 308 50} 37 42 195 41 

14 00 ° 29 02 S22 58/311 20] 60 £2 S22 26:198 12 N22 O! 
10 | 31 32 13 50| 62 42 l200 42 
20 34 02 316 21! 65 12 203 13 
30 || 3632. - 1318 5il 6742. - 120543. .~ 
4 |; 39 02 321 22! 70 12 |208 14 
50 | 41 32 323 52° 72 43 1210 44 

1s 00 | 44 02 S22 58/326 22| 75 13 S22 26/213 15 N22 O1 
10 || 46 32 328 53! 77 43 215 45 
20 |! 49 02 331 23; 80 13 218 16 
a0 | 51 32 - . 1383 54| 8243. «. (22046. .- 
@ | 54 02 336 24| 85 13 223 17 
50 || 56 32 338 55| 87 43 225 47 

16 00 | 59 02 S22 57/341 25) 90 13 S22 26/228 18 N22 ol 
10 | 61 32 343 55| 92 43 230 48 
20 || 64 02 346 26| 95 13 233 19 
30 || 66 32- ~- |348 56] 97 43 - 235 49- 
@ | 69 02 351 27) 100 14 238 19 
50 || 71 32 353 57/102 240 50 

17 00 | 74 01 S22 57|356 27/105 14 S22 27/243 20 N22 O1 
10 | 76 31 358 58/107 44 245 51 
2 || 79 Ol 1 28/310 14 248 21 
390 | 81 31- -! 359/112 44- - |25052- - 
40 || 84 0! 6 29/115 14 253 22 
50 | 86 31 8 50/117 44 255 53 

18 00 || 89 O1 S22 57; 11 30/120 14 S22 27,258 23 N22 O1 
10 || 91 31 14 00/122 44 260 54 
2 || 94 Ol 16 31| 125 14 263 24 
30196 31- - | 1901/12745- - |26555~- . 
40 || 99 ol 21 32/130 15 268 25 
50 101 32 %” 02/132 45 270 56 

19 00 104 O1 S22 57| 26 32| 135 15 $22 27/273 26 N22 o1 
10 1106 31 29 03] 137 45 215 57 
20 11109 of 31 33] 140 15 278 27 
30 311 31- + | 34.04/142 45- - 29057. =. 
40 114 01 36 34/145 15 283 28 
50 116 31 39 04] 147 45 1285 58 

20 00 |119 O1 S22 56| 41 351150 15 S22 27/288 29 N22 01 
10 1121 31 44 05/152 46 290 59 
20 124 00 46 36/155 16 293 30 
30 1126 30- + | 49 06/157 46. ~- |298 00. . 
-40 ||129 00 51 36/160 16 298 31 
50 11131 30 54 07/162 46 301 O1 

21 00 1134 60 S22 56| 56 37|165 16 S22 28/303 32 N22 O1 
10 1136 30 59 08| 167 306 02 
20 11139 00 61 38/170 16 308 33 
30 1141 30- - | 64081172 46- - |31103- .~ 
4 144 00 66 39/175 16 313 34 
50 1146 30 69 09/177 46 316 04 

22 00 1149 00 S22 56| 71 40/180 17 S22 28/318 35 N22 Ol 
10 151 3 74 10|182 47 321 05 
20 || 154 00 76 41| 185 17 323 35 
30 1156 30° + | 79111187 47> + |38 06- - 
40 {1159 00 81 41/190 17 328 36 
50 1/161 30 84 12/192 47 331 07 

23 00 || 164 00 S22 56] 86 42/195 17 S22 28/333 37 N22 O1 
10 {1166 30 89 13| 197 47 333 08 
20 11169 00 91 43/200 17 338 38 
90 1171 30+ + | 94 13/202 47- + |34109° -; 
40 1173 59 96 44/205 17 343 39 
50 (1176 29 99 14/207 48 343 10 

24 00 1178 59 S22 56/101 45/210 18 S22 281348 40 N22 OL 


° 4 ° e ° 4 ° 4 
216 05 NI9 35| 56 57 S11 3 
218 36 59 2235 
221 06 6147 3 
223 36 - 64 11+ 38 
226 07 | 66 360 AC 
228 00 
231 08 N19 35] 71 25 S11 43] 60 

3 38 7 45] 58 
236 09 7614 = 4€ 
238 39 - 78 39+ 4854 
241 09 8104 50/52 
243 40 ; 83 28 
246 10 Ni9 35] 85 53 S11 53] 45 
248 41 88 17s‘ 
251 11 9042 56 
253 42- + | 9307 5 

: 256 12 95 31 11 58 
258 43 97 56 12 01/10 
261 13 N19 35] 100 20 S12 02 
263 43 102 4 
|266 14 105 09 05) 10: 
‘268 44+ + |107 34- 07120 
| 271 15 109 59 08 30! 
273 45 112 23 10) 35; 
276 16 N19 35; 114 48 S12 11 
278 46 117 12 : 
281 16 119 37 15 
283 47° + |122 02° 16 
286 17 12426 6= 118 
288 48 26 51 1 56 
291 18 N19 35) 129 15 S12 21/58 
293 49 131 40 

296 19 13404 2 

298 50: ° {136 29- 25 
301 20 138532 

303 50 141 18 

306 21 N19 35] 143 

308 51 14 

311 22 | 

313 52+ + | 150 56- 

316 23 153 21 36 
318 53 155 45 37 © 
321 24 N19 35] 158 10 S12 39] 60) 15 05 
323 54 160 34 = 4158 
326 24 162 59 42156 
328 55- + (165 23+ 44/54 
331 25 167 48 

333 56 170 12 

336 26 N19 35) 172 37 S12 4 

8 175 01 = 50 
341 27 177 26 —séS 
343 57+ + 117950- 53 
346 28 182 15 = 54 
348 58 184 3 2=—s«56 
351 29 N19 35] 187 04 S12 57 
353 59 189 28 12 59 
356 30 191 53 13 00 
359 00: + (194 17+ 02 

1 31 196 42 = 03 
OL 199 06 ~— 05 
6 31 N19 35| 201 31 S13 06 
02 203 07 

11 32 206 20 OP 

1403+ + 1208 44- 10 

16 33 21109 = 12 

19 04 | 213 33 

21 34 N19 35| 215 58 S13 15 

24 04 218 2216 

26 35 220 47 18 

2905° ° {223 11° 19 

31 36 225 352s 2. 

34 06 228 00 22 

36 37 N19 35| 230 24 S13 24 


JUPITER - 2.2 SATURN 0.0 @ MOON 
GHA Dec. } GHA ~ Dec. GHA Dec. 
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INTBRPOLATION OF GHA 
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Oorrection to be added to GHA for interval of GOT 


STARS 


Dec. 


Dec. 


Name 


No. 


Name Mag. SHA 


No. 


12 | Dubhe . 
13 | Fomalhaut 
14 | Peacock . 
15 | Pollux. . 
16 | Procyon . 


17 | Regulus . 


S57 32 
S62 47 
291 50} N16 24 
N28 47 


358 39 
63 00} N 8 43 


336 07 
174 08 


8 8 16 
860 36 
S16 38 
S10 52 
N38 44 


141 04 
6 | 259 20 
159. 27 
81 15 


2 
1 


3 | 208 40; N12 15 
3 | 282 03 


3 


l 
0. 
0 
—1 
1 
0 


Rigel . . 
19 | Rigil Kent. 


852 40 |} 20 | Sirius . . 
21 


N45 57 
50 08 | N45 05 


18 


S826 18 


146 44 | N19 29 


“1,2 | 271 89 


N 7 24 


264 20 
281 53 


113 31 


Arcturus 
geux . 


Betel 
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LHAT Corr. | LHAY Corr. | LHAT Corr. 
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AIR ALMANAC 


CORRECTIONS FOR HEIGHT 
TO TIMES OF SUNRISE, SUNSET, AND TWILIGHT 


JANUARY 
Height in} 250 | 500 | 1000 | 2000| 5000 | 10000 | 15000 | 20000 | 25000 | 30000 | 35000 | 40000 
Latitude] ST | ST | ST | ST S T S T S T S T S T S T S T ST 
mm mm mm mm mm mm mm mm” mim Mm ™m m ™m mm 
N60° 1130/50/70 510 1 15 2 21 3 26 5 | 29 6/ 32 8 | 3&5 9] 38 10 | 40 11 
55 30;,40,650! 81 12 1 17 3 20 4/123 5/| 26 6] 28 81| 30 9| 32 10 
50 20'|30;40:160 10 1 14 2 17 3 | 20 4/|22 51|24 71] 26 8| 28 9 
40 20:130|140;50 8 1 12 2 142/16 3/;18 41|20 6! 21 7| 22 8 
20 20:'20;,30/40 61 92 112/13 3;14 4;,15 4|16 5/18 6 
0 10';20;30,40 61 8 2 102/;12 3)138 4/;)14 4/15 5/16 6 
20 10'20;30/40 61 92 112/;13 3114 4/116 4/)17 51,18 6 
40 20;';30/)40;50 8 1 12 2 143/117 4118 5] 20 6; 22 7); 23 8 
§0 120;,30;50{|70 11 2 18 3 19 4; 22 5 | 24 7 | 26 9); 29 10 | 30 11 
55 30|,|40:;:60)/ 81 13 2 18 4 23 6 | 26 8 | 29 10 | 32 13 | 35 15 | 37 16 
S60 40/50;|8:0j11 1 17 3 25 6 31 9 | 36 12 | 40 15 | 45 19 | 48 22 | B82 25 
REFRACTION 
A. Total correction. —For use with H. O. Ai a ct 
208, H. O. 211, H. O. 214, and the Polaris pane in feet ms 
Table. Subtract from observed altitude ate 
able. . 5° | 10° | 15° | 20° | soe | 45° | 60° 
Observed altitud , a es : / : , 
eevee lia eran 15,000 2] 1/+1|+1]/ 0] O| O 
a een (oer ee are pe 20,000; 2/ 2/ 1] 1/41] 0] oO 
a (A li i 25,000} 3} 2/ 1/ 1] 11] 0 0 
i —o 30,000 3 3 2 1 1 0 0 
, , , , , , , 35,000 4 3 2 1 1 |+1 0 
0! 10 5 4 3 2 1 1 40,000 |+ 4 |+3 |+2 |4+2 |+1 |+1 4) 
5,000 8 5 3 2 1 1 0 
10,000 7 4 3 2 1 1 0 
pega 6 3 ; : 1 1 0 DIP 
0, ; : 
S500 : 9/4 ; Subtract from altitude observed with sea 
30,000 | 3]/ 2} 1] 1] 1] 0 0 horizon. 
35,000 3 2 1 1 1 0 0 
40,000 2 1 1 1 0 0 SS 
Height | Corr.| Height Cor Height | Corr.) Height | Cor, 
B. Adjustment.—For use with A.N.T, PE " | At" | Ete © | Bt 
O dA h Apol 0 l 160 13 620 25 1380 37 
(H. O. 218 and Astrograph. Apply to 2 9 180 54 670 52 | 1460 35 
observed altitude with sign given. 6 210 730 1540 
122° | 25015 | 780 2% | 1620 39 
4 16 28 40 
21 5 280 17 840 29 1700 4] 
Observed altitude +. 6 ach 18 aon 30 pe 42 
Height in feet 7 19 31 43 
§8 g 390 20 1030 39 1960 44 
75 9 430 21 1090 33 2060 45 
oe ee ee ee ei ee ee 93 10 480 99 1160 34 2150 46 
114 11 520 93 1230 35 2250 47 
9 |—1 |-1 o| 0 137 55 570 54 | 1310 33 | 2340 43 
5,000 | 0| O o|o 0 162 620 “". | 1380 2440 
0 0 0 


10,000 ;+1 |+1 
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STARS 
Alphabetical order Order of SHA 
Name Mag. BHA Dec. BHA Dec. RA Name 
° a ° o ° e ° o A ™ 
Acamar. .... 3.4] 315 59 $40 32 14 31 N14 54 | 23 02 | Markab 
Achernar 1 0.6} 336 07 | S&7 32 16 23 S29 656 | 22 541| Fomalhaut 
crux ....2 1.1 174 08 | S62 47 28 51 S47 14 | 22 05] Al Na’ir 
Adhara. ...f 16] 255 54] S28 54 34 39 N 9 37) 21 41 | Enif| 
Aldebaran . .3 1.1j| 291 50] Ni6 24 50 08 N45 05 | 20 39 | Deneb 
Alioth .. 1.7 167 07 | N56 16 54 43 S56 55 | 20 21 | Peacock 
Al Na’ir 2.2 28 51) 847 14 63 00 N 8 43/19 48 
Alnilam. . . { 18] 276 40; Sl 14 77 «04 826 22/18 52 | Nunki 
Alphard . 2.2} 218 48 | S 8 25 81 15 N38 44/18 35 | Vega 
Alphecca | 2. 3 126 56| N26 54 84 54 834 25 {18 20 | Kaus Aust 
Alpheratz. . .4 2.2} 358 39 | N28 47 91 11 N51 30/17 55 | Etamin 
Al Suhail. ... 2.2 | 223 31} S43 12 96 56 N12 36 | 17 32 | Rasalague 
Altair .. 5 0.9 63 00| N8 43 97 34 S37 04/17 30] Shaula 
Antares . 6 12] 113 31) S26 18 103 13 S15 39] 17 07 | Sabik 
Arcturus... .7 0.2! 146 44] N19 29 (109 21); S68 55 | 16 43 | @ Tri. Aust. 
e Argus. .... 17] 234 39 | 859 20 113 31 S26 18 {| 16 26 | Antares 
Bellatrix . . .f 1.7 | 279 29| N6 18 120 46 S22 28] 15 57 | Dschubba 
Betelgeux. . .8 |0.1-1.2) 271 59 | NZ 24 126 56 N26 54/]15 32] Alphecca 
Canopus ...9/-—90.9| 264 20; S52 40 (137 17)| N74 231] 14 61 | Kochab 
Capella. . . 10 0.2} 281 53 {| N45 57 141 04 S60 36/14 36 /| Rigil Kent. 
Caph . ise. 241] 358 28; N58 50 146 44 N19 29 | 14 13) Arcturus 
6@Centauri ... 2.3 149 10] S36 05 149 10 S36 05] 14 03 | 6 Centauri 
&Crucis .... 1.5 168 54]| S59 23 159 27 S10 52/13 22 | Spica 
+ Crucis .... 1. 6 173 00| S56 48 159 35 N55 13]18 22 | Mizar 
Deneb... 11 1.3 50 08 | N45 05 167 07 N56 16] 12 62 Alioth 
Deneb Kait. . { 2.2} 349 49; 818 18 168 654 859 23] 12 44] 8B Crucis 
Denebola. .. 2. 2 183 28 | N14 53 173 00 856 48/12 28] vy Crucis 
Dschubba .. . 2. 5 120 46 | S22 28 174 08 S62 47/12 23) Acrux 
Dubhe. . . 12 2. 0 194 56 | N62 03 183 28 N14 5638] 11 46 | Denebola 
Enif. ..... 2. 5 34 39; N9Q 37 194 56 N62 03 | 11 OO | Dubhe 
Etamin. .... 2. 4 91 11] N51 30 208 40 N12 15; 10 05 | Regulus 
Fomalhaut . 13 1.3 16 23; S29 56 218 48 8 8 25/; 9 25 Alphard 
Hamal. ...t 2.2 | 329 O11; N23 12 (221 650) S69 29) 9 13] Miaplacidus 
Kaus Aust... . 2.0 S34 25 223 «31 843 12]; 9 06 Al Suhail 
Kochab .... 2.21 (187 17)| N74 238 234 39 859 20] 8 21 | e Argus 
Marfak. ... . 1.9] 309 56| N49 40 244 32 N28 10] 7 42] Pollux 
Markab .... 2. 6 14 31} N14 54 245 55 N 5 22| 7 36 | Procyon 
Miaplacidus, . . 1.8 | (221 50); S69 29 255 54 S28 54, 6 656 | Adhara 
Mizar ..... 2. 4 159 35 | N55 13 259 20 S16 38 | 6 43 Sirius 
Nunki..... 2. 1 77 041] S26 22 264 20 S52 40] 6 23 | Canopus 
Peacock . 14 2.1 54 43 | 856 55 271 59 N77 24; 5 652 Betelgeux 
Polaris. .... 2.1 | (333 57)| N89 00 276 40 S1 14] 5 33] Alnilam 
Pollux. . . 15 12] 244 32 | N28 10 279 29 N6 18] 5 22 | Bellatrix 
Procyon . 16 0.5 | 245 55| N5& 22 281 53 N45 57] 5 12 | Capella 
e..f 2.1 96 56| N12 36 282 03 Ss 16/] 5 12] Rigel 
Regulus . :17 13] 208 40; N12 15 291 50 N16 24{ 4 33 | Aldebaran 
Rigel . . 18 0.3; 282 03; S8 16 309 56 N49 40| 3 20)| Marfak 
Rigil Kent. . 19 0.3 141 04/| S60 36 315 59 S40 32] 2 56) Acamar 
Ruchbah. .. 2.8 | 339 29] N59 56 329 Ol N23 12| 2 04] Ham 
Sabik er 2. 6 103 13] S815 39 (333 57)| N89 00/| 1 44} Polaris 
Shaula. ... . 1.7 97 34 | 837 04 336 07 S57 32] 1 36] Achernar 
Sirius . 20} —1.6 | 259 20; S16 38 339 29 N59 56 1 22 | Ruchbah 
Spica 21 1.2 159 27, S10 5&2 349 49 S18 18{/ O 41 | Deneb Kait. 
a Tri, Aust.. . . 1.9 | (109 21)) S68 55 358 28 N58 50/] O 06] Caph 
Vega. 22 0.1 81 15 | N38 44 358 39 N28 47] 0O 05 | Alpheratz 
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CHAPTER XVI 
THE PRACTICE OF NAVIGATION AT SEA 


The methods for working dead reckoning and the solution of examples for the 
various methods of determining latitude, longitude, azimuth, hour angle, altitude, 
line of position, and the final fix of the ship’s position have been given in the previous 
chapters. The practical application of these principles and methods to the ever 
varying circumstances encountered daily at sea are determined by the navigator. 
In this chapter an outline of the average day’s work, with examples, will be given. 
| Minimum program for day’s work.—The following program represents a mini- 

mum of work and celestial observations that should be accomplished daily at sea 
during clear weather in order to keep a continuous accurate record of the position of 
the ship. Cloudy and overcast weather may, at any time, reduce this program, in 
which case the dead reckoning position must be relied upon. . 


Departure and continuous dead reckoning plot of position. 

Star observations during morning twilight, for a fix from two or more 
lines of position. 

Sun observation on or near prime vertical for longitude, or at other 
time for a line of position. 

Azimuth observation of the sun to find the compass error, either in 
conjunction with the sun sight or as a separate time azimuth observation. 

Computation of the interval to noon, watch time of local apparent 
noon, and constants for meridian or ex-meridian sights. 

Meridian or ex-meridian observation of the sun for noon latitude 
line. Running fix or cross with Venus line for noon fix. Determine the 
day’s run, the set and drift of current since the previous noon. 

At least one sun observation during the afternoon for use in case 
stars are not available at twilight. 

Azimuth observation of sun for compass error. 

Star observations during twilight for a fix from two or more lines 
of position. 

The observations may be worked out by any method the navigator prefers, 
elther by computation or by any of the short tabular methods described in the pre- 
vious chapter. Some of the latter provide a more universal solution than the meth- 
ods of computation, and since they eliminate much of the mathematical work with 
its consequent chances of errors these methods are becoming increasingly popular 
with navigators. The explanations and examples in this publication are confined to 
the methods for which tables are available in part II. 

Accuracy.—Exact results are not attainable at sea; chronometer error, sextant 
error, refraction error and errors of observation are all variable. No navigator 
should assume that his position is not liable to some error for which a reasonable allow- 
ance 1s about 2 miles. ays of plotting this allowance have been previously discussed 
under Lines of Position. 

It is probably best to work all sights for altitude to the nearest tenth of a minute 
of arc, and for longitude to the nearest tenth of a second of time. 

Position lines.—The navigator must remember that a single observation will not 
give a definite “fix,’’ but will give a position line which passes through the observer’s 
position at right angles to the azimuth. If two position lines are determined simul- 
taneously, the observer’s position must be at their intersection. If only one celestial 
body is visible such as the sun, only one position line is obtainable and it will be 
necessary to wait until the sun has changed about 30° in azimuth before taking 
another observation with which to make a running “fix” from the first observation. 

Many times during daylight a position line of the moon makes an excellent cut 
with the sun. The planet Venus, when near quadrature can be observed all day, and 
is utilized to give a position line which cuts with lines of the sun or moon. During 
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twilight, stars, planets, and the moon are available to select for suitable lines of position. 
Three stars whose azimuth differ by 120° give a good ‘“‘fix.”” The position lines may 
not intersect in a point and a triangle will be formed, in which case the most probable 
position is the meeting point of the bisectors of the internal or external angles of the 
iangle as previously explained. It may be inside or outside of the triangle. 
avigator’s work book.—Every navigator should keep a navigation note book 
in which he keeps a complete record of all that pertains to the navigation of the vessel 
when not running on bearings of the land. The entries should be neat, legible, 
orderly, and intelligible to any person who has reason to refer to it. All observations 
should be entered with their computations by either logarithms or tables. Every 
operation pertaining to the working of the sights should appear in this book. 

It is well to observe a systematic form of work for each type of sight, always 
writing the different terms in the same position on the page as this plan will Jessen the 
chance for error and tends to make the book more clear. The navigator can make up 
his own work form by havin punter a, desirable one for the various sights, or by 
having a rubber stamp made of the form desired. 

Departure and dead reckoning.— When starting on a voyage between ports, a 
good departure is taken from one or more well determined landmarks. This is used 
as the origin of dead reckoning, which with frequent new departures from each “‘fix’’ 
by observation, is kept progressively plotted up to the point of destination. From 
the dead reackoning plot, the navigator can determine at any instant, with a fair 
degree of accuracy, the vessel’s eesbaae at any instant. When taking the departure, 
record the reading of the patent log. Note the hourly reading of the log for informa- 
tion relative to the Pee of the vessel; also read the log when each cbservation for 
position is made. If a vessel does not use a form of patent log, but estimates the 
speed by revolutions of the engines, the noting of the time is essential. 

Time to observe stars.—Twilight begins in the morning and ends in the evening 
when the sun’s center is about 18° below the horizon. When the sun is about 6 
below the horizon, the horizon ceases to be visible in the sextant. This indicates the 
approximate time that stars should be observed. The Nautical Almanac gives the 
approximate local civil time of sunrise and the peas of morning twilight or the 
time of sunset and the end of evening twilight. If one third of the duration of twi- 
light be subtracted from the time of sunrise or added to the time of sunset, the approxi- 
mate time to make observations is obtained. The interval during which both stars 
and horizon are clearly visible is relatively short. The navigator should familiarize 
himself with the location of the suitable stars beforehand and be prepared to make 
observations systematically and quickly. As each star is observed the exact time and 
the approximate azimuth are noted. 

t is good practice to make three or more successive observations of each star and 
use the average of the altitudes observed and the times recorded for the solution. 

Star identification—By means of the navigational star chart of the Nautical 
Almanac most of the stars may be readily identified, or from the Hydrographic Office 
Star Finder No. 2102, the approximate altitudes and azimuths of celestial bodies may 
be found for the time at which observations will be made. This information is also 

iven in Hydrographic Office Publication No. 127, Star Identification Tables, and it may 

e computed as shown on page 187. By selecting certain bright stars well located in 
azimuth and listing their altitudes and azimuths, the stars are readily identified in the 
heavens and are easily picked up in the sextant by setting the listed altitude on the 
sextant and looking in the true direction of the star. 

Morning star sights.—It has been pointed out that when the celestial body is 
on the meridian, a true latitude is obtained with the line of position running east and 
west through this latitude. When the body is on the prime vertical and the observa- 
tion is worked as a “time sight,” a true longitude is obained with the line of position 
running north and south through this longitude. Observations taken when the celes- 
tial body is away from the meridian or prime vertical, give neither the true latitude 
nor the true longitude but furnish only a line of position running perpendicular to the 
celestial body’s azimuth. Therefore, a ‘time sight’ rarely gives the true longitude, 
but provides only a line of position similar to any of the shorter tabulated methods 
which work well for all conditions and positions of the celestial bodies in the heavens. 
The time sight 1s used here only when the latitude 1s known to be correct. 
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Stirs should be selected for observation whose azimuths are at least 30° apart in 
order to get the best “‘fix.” Stars on or near the meridian, or prime vertical should 
ak be utilized when possible. 

olaris should be observed at dawn for a latitude line of position. Stars observed 
nearly eastward or westward of the meridian, and worked with the latitude given by 
Polaris would give a good longitude, or the computed altitude and azimuth of these 
observed stars would give intersecting position lines for a good “‘fix.’’ The altitude of 
Polaris can be computed beforehand from the approximate D. R. position, then set on 
the sextant and the star Polaris readily picked up in the telescope by looking in the 
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Ficure 105.—Star Finder H. O. 2102C. 
(Letters Patent No. 2304797.) 


direction of north. It may be especially desirable to do this in the evening when 
the horizon tends to become dark before Polaris is clearly visible to the naked eye. 
Before beginning to work up the morning observations, the navigator compares 
his watch with the chronometer to get hisC—W. Insome vessels a hack chronometer, 
which is first compared with the standard chronometer, is used in the chart house. 
The date, the error on G. C. T., and the rate are kept on a slip of paper in the back 
of the hack case. - However, on most vessels, the navigator makes a direct comparison 
of his watch at the place where the standard chronometer is stowed. The C—W and 
chronometer error are entered in the work book. From the log book the courses and 
distances run from the last “‘fix’” are entered. The new D. R. position for the time of 
sights is either worked up by computation or plotted on the chart. The observed 
altitudes with corresponding watch times are entered and the compass bearing of an 
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observed body is noted to find the compass error. The computations are then made 
of the sights to determine a line of position for each observed body. The true azimuth 
may be found by computation or from azimuth tables. The intersection of the lines 
of position is either computed, or plotted directly on the chart for the morning “‘fix.”’ 
From the morning “‘fix’”’ the set and drift of current since the last ‘‘fix’’ may be obtained. 

Moon observations.— During the night the gleam upon the water directly below 
the moon may define the horizon and permit an observation for altitude when it is 
impossible to take a sight of any other body. During daylight the moon is often 
visible and its position line may give a good cut with the position line of the sun. 

Owing to its nearness to the earth and the rapidity with which it changes right 
ascension and declination, the various corrections entailed render observations some- 
what longer to work out and more liable to error than for other bodies. The navigator 
will usually pass the moon by if other celestial bodies are available. 

Morning sun line.—The best time for the morning observation to give a good 
longitude is when the sun is on the prime vertical. This position of the sun may be 
observed within reasonable limits from the compass, or the approximate time may be 
determined as follows: enter the sun azimuth tables with the D. R. latitude and 
the sun’s declination as arguments; in the declination column locate azimuth 90°, 
and note the corresponding apparent time. This is the approximate time the sight 
should be taken, but the exact watch time can be obtained also. 

Suppose the 8 a. m. D. R. position on July 19, 1937, is Lat. 35° N., Long. 65°15’ 
W. The noon declination of the sun is found to be about 21° N. and the apparent 
time on the prime vertical is found to be about 8°10" a. m. The navigator now 
compares his watch with the chronometer and applies the chronometer correction 
when the chronometer reads, say, 11°59"30" and the watch reads 7° 15" 12°. From 
the almanac the declination and equation of time for Greenwich civil noon on July 19 
are Dec. 20°53’ N., Eq. t. 6"07° subtractive from mean time. 


hm =°38 
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When the latitude and declination are of contrary name, the sun crosses the 
prime vertical before rising, in which case the observation is taken as soon as the 
sun is sufficiently high in altitude to eliminate uncertain refraction. 

A sight of lis sun on the prime vertical gives a good longitude, the use of which 
will make the computation of the watch time of L. A. N. more accurate. 

Other observations of the sun may be made at any time when accurate positions 
are required, as when in dangerous waters or making a landfall. The position line of 
any previous observation may be advanced to the time of the last observation to 
obtain a running fix. This work is usually done on the chart or on plotting sheets, 
but may be done by computation using the longitude factor found in Table 35. 

Azimuth for compass error.—Coincident with one of the morning observations, 
the azimuth of the body may be observed by compass. The computed azimuth 
of the body for that instant compared with the azimuth as observed by compass will 
give the compass error. More frequently a separate observation of the compass azi- 
muth of the sun is taken, and a ‘‘time azimuth’”’ computed, from which the compass 
error is obtained. 

Interval to noon.—W. T. of L. A. N.: The next important step is to determine 
the watch time of local apparent noon at which time the sun will be on the meridian 
and a meridian observation will be taken for latitude. From the sun sight on the 
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prime vertical, or the a. m. observation, there is obtained the local hour angle. The 
course and speed of the vessel to noon must be known. If the current in longitude is 
established by the morning observation and it is assumed that it will continue with- 
out much change until noon it should also be applied. When a vessel does not change 
in longitude between the morning sight and noon, as when its course is north or 
south, it is carried by the earth’s rotation toward the sun’s hour circle at the rate of 
15° or 900’ per hour, and the elapsed time from the morning sight to the meridian 
altitude sight is the value of the local hour angle at the a. m. observation. Should 
the vessel change longitude due to the course, the speed, and the current, it moves 
towards or away from the sun at a greater or less rate than 900’ perhour. Ifthe hour 
angle at the a. m. observation, expressed in minutes of arc, is divided by the rate in 
minutes of arc at which the ship approaches the sun, the result will be the number 
of hours between the sight and noon, or the interval to noon. 

Example.—The watch time of a. m. sight is 75 59™ 43° and the observed local hour angle is 


35 34m 02" KE. The course is 81° T., speed 15 knots, current 0’.5 E. Find the interval to noon and 
the watch time of local apparent noon. 
Course Distance D. Lo. Current 


t=3 34™ 02*=53° 30’.5=3210’.5. 81° 15° 19’ E. 0.5 E. 


a 
Rate of approach 900’ +19’+.5’ (Easterly movement increases rate). Interval to noon = 


35, 491 = 34 29™ 28s 
W. T. of sight = 75 59m 43s 
Interval to noon = 3 29 28 o 


W. T. of L.A. N.=11 29 11 


If the watch is set ahead 31 minutes, it will be 11 seconds fast of local apparent noon. 

Example by noon interval table-—In the example that follows in a day’s work at sea, it will be 
noted that the L. A. T. of the 95 30™ a. m. observation is 94 41™ 03.4, or the hour angle is 25 18™ 
56°.6 E. or 2.316. The eee change in longitude and current to the eastward is 14’.3. The factor 
from the noon interval table (Table 37) is .98436. 25.316 .98436= 25.28 or 2 16™ 48° which is the 
interval to local apparent noon. When t=2> 16™ 48* KE. then the watch and the G. C. T. are: 


Watch 95 307 00" G.C.T. 145 17™ 10° 
Noon interval 2 16 48 2 16 48 


W. T.of L.A.N.11 46 48 G.C.T. of L. A.N.16 33 58 


Vessels steaming eastward set the clocks ahead, while those steaming westward set the clocks 
back by the amount of the change in longitude, or to agree with the zone time of the time zone 
entered. As the change of time is usually made between 11:00 a. m. and noon, it will be noted that 
the elapsed time between the time of the a. m. sight and the new watch time of noon will be more than 
the watch face shows by the amount the watch has been set back, and the difference must be allowed 
for in computing the run to noon. 

If the vessel has been making eastings, the clocks will be set ahead and the elapsed time between 
sights will be less than the watch face shows by the amount the watch has been set ahead. The time 
cannot be computed exactly, but it can be approximated closely. The navigator can now set the 
watches and clocks for the coming local apparent noon position. A convenient way to set the watch 
is as follows: Having looked at the chronometer and found that it reads 45 07™ 10°, set the watch 
to.the ccrrect L. A. T. of the noon position when the chronometer reads 4 10™ 00+. 


Reading of chronometer when watch is to be set 45 10™ 00» 


Chronometer fast on G. C. T. — 30 

G. C. T. at which watch is to be set for L. A. T. 16 09 30.0 
Eq. T. corrected for long. of noon position + 11 32.3 
G. A. T. of the time watch is to be set 16 21 02.3 
Long. of noon position 4 45 26.8 
Watch face should read 11 35 35.5 


The watch is now to be set so that at 45 10™ 00° by chronometer the watch face will show as n2ar 
115 35™ 36° as possible. Since the second hand cannot be set exactly, it can be set so that it will 
be 30 seconds or less fast or slow on the desired time. The number of seconds the watch is fast or 
slow on L. A. T. should be noted as it will help in taking near noon sights to get the correct L. A. T. 


Noon constant.— Between 11" and noon, allowing for gain or loss due to run, the 
navigator sets the clocks for L. A. T. of the D. R. noon position. He now works up 
his constants for his reduction to the meridian and meridian altitude. A complete 
oe tion of how to obtain and apply the constants is contained in the chapter on 
latitude. 
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Noon sights.—A few minutes before noon, observations are made for a meridian 
altitude to give latitude. If the weather is cloudy, observations for a reduction to the 
meridian are made. 

The planet Venus can often be observed at noon and a line of position obtained 
to cross with that of the noon sun line to obtain an excellent fix. Compute the alti- 
tude and azimuth of Venus for the noon position. Set the altitude on the sextant 
and by looking toward the true direction of the planet, it will be seen in the field of the 
telescope on the horizon. 

The position line of the morning sun sight may also be advanced as a running fix 
atnoon. Or, with the correct noon latitude, find by how many minutes it differs from 
the D. R. noon latitude and multiply this difference by the longitude factor to get the 
correction to be applied to the morning longitude by observation run up to noon, to 
get the accepted noon longitude. 

The position lines are now plotted and the noon L rests Is compared with the 
previous noon position (or the point of departure) and the true course and distance 
made good is determined. 

the vessel is steaming on the great circle track that requires a change of compass 
course, the new course Is laid out as soon as the true noon position is obtained. 

Current.—The set and drift of the current may be found by comparing the noon 
positions as found by observation and by dead reckoning. ‘To current is attributed 
all discrepancies found between the D. R. position and the observed position, but this 
error also includes such things as faulty steering, wrong allowance for compass error, 
and inaccurate estimate of the vessel’s speed over the ground. 

Blank forms for the noon report are shown in a sample page from the log book 
under Instruments and Accessories in Navigation (chap. II). 

Afternoon sights.—A sun sight is observed in the afternoon for line of position 
and compass error. Lines of position obtained at noon may be run up to the p. m. 
observation with allowance made for current found at noon. Preparations are 
made for star sights at twilight and the time of sunset is determined. The star 
finder is set to select favorable bearing stars with their altitudes, or the local sidereal 
time of sunset is determined to identify the stars from the navigational star chart 
in the Nautical Almanac. The navigator can compute the altitude of Polaris for 
the D. R. position at twilight or the local hour angle, or local sidereal time of sunset 
may be found and from Table I and Table III of the Nautical Almanac, the correc- 
tion for latitude may be found. With the almanac correction, index correction, and 
height of eye corrections, having all signs reversed and applied to the D. R. latitude, 
the approximate altitude of Polaris is found. With this altitude set on the sextant, 
Polaris is picked up in the telescope bearing north. The horizon being clear and 
distinct, no shade glass is used. At the same time, its true azimuth may be found 
fh the ny autical Almanac, its compass bearing observed, and the compass error 

etermined. 


The following examples illustrate a day’s work for the navigator at sea. The 
‘time sight’”’ and cosine haversine formulas are used in the computations for deter- 
mining the lines of position, but any good method, including any of the short cut 
navigational tables, may be substituted for them. 


Example 1.—On October 4, 1937, a steamer left Hampton Roads for Lisbon on a great circle 
course. he distance was 3,120 miles. From Hampton Roads to point of departure, the distance 
was 25 miles. At 5 p. m. with Cape Henry Light bearing 301° (mag.) distance 8.3 miles took de- 
parture, set course 77” (p.s.c.) (Var. 8° W., Dev. 3° W.) patent log reading 0, (The point of departure 
is lat. 36°52’.0 N., longitude 75°51’.1 W.). The chronometer was 30° fast on G. C. T. At about 
55 30™ a. m. the navigator decided to take sights of two stars for position. When the chronometer 
read 105 03™ 00° the watch was set for local civil time. At about 55 30™ a. m. simultaneous observa- 
tions were made of star Polaris, alt. 38°21'35’’, W. T. 55 32™ 12", C— W, 45 51™ 45°; and star Regulus 
bearing southeast, alt. 34°42’48’’; W. T. 55 28™ 50°; I. C.+0’30’’; H. E. 40 feet; compass bearin 
of Regulus 113°; patent log 147. The vessel continued on same course and speed 11.7 knots 
until 9:30 a. m. when an observation of the sun’s lower limb was taken, alt. 36°11/06’’; W. T. 94 
30= 00°; C— W, 45 47™ 40°; patent log 193; sun’s azimuth p. s. c. 146° vessel’s head 77°. 

Perform a. m. part of day’s work. 

The vessel continues on same course and speed. When the chronometer reads 45 10™ 00* at 
what time should the watch be set for local apparent time of noon? If the watch is set 24 seconds 
fast on L. A. T. of noon position, work out constants for observations for latitude to be taken at 
15™, 10", and 5" before noon and at noon. The observed altitudes near noon were as follows: 
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15™ before 46°29'55’’; 10™ before 46°34/25’’; 5™ before 46°36’40’’. The noon altitude was 46°37’ 
25’’, with the patent ‘log reading 220 miles. About, sie a aan was obtained of the planet Venus 
bearing southwestward, sextant altitude 48°59’0, I. C. +30’’; H. E. 40 feet; watch 125 05™ 18>; 
C—W, 45 45™ 08:, chron. fast 30°. 

Complete the day’s work for noon. 

At noon course was changed to 84° p. , Var. 11° W.; Dev. 4° W. Steamed until 3 p.m 
ee at watch time 35 007 10°; C— W, 45 420 20°: observed Tautade of sun’s lower limb 27°49 05’" 

. C.+0’30’’, H. E. 40 feet; patent log 255 miles: compass bearing of sun 252°, vessel’s head 4°, 

Find position at 3 p. m. 

The vessel continues on same course and speed until 6:00 pe m. when star observations were 
taken on star Polaris for latitude; altitude 38°44/10’’; W .T.G®01™ 00°; C— W, 45 38” 56°; compass 
bearing of Polaris 16°.5, vessel’s head 84°; and on star Arcturus bearing north westward, altitude 
25°55'35""; W. T. 65 05" 00", C—W, 45 38" 52¢; I. C.+0'30”; H. E. 40 feet, patent log 290 miles. 
Course and speed remaining the same, find D. R. position at 8° p.m. (See plot fig. 106.) 
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CHAPTER XVII 
MARINE SURVEYING 


Hydrography has been authoritatively defined as that branch of science which 
deals with the measurement and description of the physical features of that portion 
ef the earth’s surface which embraces the oceans, seas, lakes. rivers and other waters, 
and their adjoining coastal areas, with special reference to their use for the purpose 
of navigation. 

It embraces the carrying out of marine surveys, including triangulation, topog- 
raphy sounding, magnetic and astronomical work; the study of tides, tidal streams 
and currents, also of oceanography and meteorology so far as they affect navigation; 
the construction, the compilation and publication of nautical charts, sailing directions, 
light lists, tide tables, radio signal lists, notices to mariners, and other useful informa- 
tion for navigators. 

From the foregoing definition it may be seen that the execution of marine surveys 
and the various steps required to construct the nautical chart amount to a complex 
oe eune science requiring specialized training and involving large expenditures 
of funds. 

It is not deemed appropriate to include in this volume a complete treatise on 
marine surveying, as this subject is treated in more detail in Hydrographic Office 
Publication No. 215, ‘Hydrographic and Geodetic Surveying Manual.’”’ The dis- 
cussion will be limited to simple methods and procedures intended to enable the 
mariner to conduct reconnaissance surveys of heretofore uncharted waters, and to 
obtain and record in a suitable form new data for the correction and improvement 
of existing charts. The accuracy and completeness of any such survey or report 
furnished by a mariner will redound to his credit as having rendered a valuable service 
to all navigators. ) 


INSTRUMENTS EMPLOYED IN MARINE SUBVEYING 


Transits and theodolites.—The surveyor’s transit (fig. 108), and similar instru- 
ments of higher precision called theodolites (fig. 109), are employed for the accurate 
measurement of horizontal and vertical angles, by observing in each of two opposite 
positions of the horizontal axis, namely, with the circle left and the telescope direct, 
as in figure 108, and also with the circle right and the telescope inverted. 

The telescope carries cross hairs in the common focus of the object glass and the 
eyepiece, and is so mounted as to have motion about two axes at right angles to each 
other. The planes of moticn may be made truly vertical and horizontal, respectively, 
by means ab levels and adjusting screws. en so adjusted, the instrument is 
capable of measuring angles in these planes by means of graduated circles and verniers 
read under microscopes. 

The telescope is carried in the V bearings of two standards mgidly attached to 
the upper plate, which also carries two levels at right angles to each other and also 
two, sometimes three, verniers at equal intervals about the circle. This part of the 
instrument, consisting of the telescope, the standards, the upper plate and the attached 
levels and verniers, is called the alidade. 

When the clamp seen at the right-hand edge of the plate is released, the alidade 
may be rotated in azimuth about the vertical axis. As it rotates, the attached 
verniers are carried around the periphery and just above a graduated circle situated 
below and within the turned-down edges of the upper plate. This is the lower plate, 
or the horizontal circle. It has the general form of a shallow cup with the upper 
edge graduated from 0° to 360°, and like the alidade is free to rotate about the vertical 
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axis when its clamp, seen below, is released. There are, therefore, 2 motions in 
azimuth, that of the alidade, called the wpper motion, and that of the horizontal 
circle, called the lower motion. The lower motion is clamped to the axis, and _ the 
upper motion is clamped to the lower motion. Alli clamping arrangements include 
slow-motion tangent screws for perfecting pointings and settings. 

Most transits and theodolites carry a vertical circle or arc for the measurement of 
altitudes. The better instruments have two, sometimes three, verniers, with micro- 
popes attached. 

igure 108 shows a 
transit fitted with a 
compass needle and cir- 
cle, distinct from the 
plate circle, for reading 
magnetic bearings. 
Usually the circle is pro- 
vided with a rack and pinion 
by means of which the mag- 
netic variation may be set off 
by rotating the zero of the 
circle. When this has been 
done, the readings of the 
needle will be true bearings. 
The lighter instruments of 

i) this class are nearly always 
= i) fitted with stadia wires par- 
| allel to the horizontal cross 
hair and equidistant from it, 
| i <= =e enabling the observer to read 

i i | ha the distance to an object by 
= eee ee means of the interval inter- 
. cepted on a stadia rod held at 
the object. 

This instrument 1s called a 
transit because the telescope 
is capable of being transited, 
that is, turned completely 
about its horizontal axis; or 
a telemeter, in reference to its 
Pern Ft distance-reading or stadia 
a fittings; or a tachymeter, in 

ee FS , reference to its quick furnish- 
ing of the three coordinates 
of distance, azimuth, and 
elevation. 
A plane may be determined 
by two intersecting perpen- 
oe. \ Be dicular i or y three 
points. orresponding to 
aries the first detnmiadiion (ue 
leveling screws are used, as in figure 108; corresponding to the second, three leveling 
screws are used, as In the larger instruments of this class. 

Adjustments of the transit.—The fundamental principle in the construction, use, 
and adjustment of a transit is that errors are disclosed in double their true magnitudes 
by reversal of the instrument. 

To make the plane of the plate bubbles perpendicular to the vertical axis.— 
Rotate the alidade until the bubble vials (of a four-screw transit) are parallel to both 
sets of opposite leveling screws. By means of the leveling screws, letting off on one 
and taking up on its opposite, and keeping both snug but not tight, bring both bubbles 
to the center. Rotate the alidade 180° and note the new positions of the bubbles. 
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Ficure 109.—Theodolite. 
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Correct one-half of the error by means of the leveling screws and the remainder by 
raising or lowering one end of each bubble vial by means of the adjusting screw. The 
bubbles should now remain stationary in all positions of the alidade. If they do not, 
repeat the adjustment until they satisfy the test. Itis advisable to protect the instru- 
ment from both sun and wind. 

To make the line of sight perpendicular to the horizontal axis of the telescope.— 
The previous adjustment having been made, set a pin on the line of sight about 300 
feet distant, with both motions clamped. Transit the telescope and set a pin in the 
opposite direction. Free the upper (or the lower) motion, and rotate the alidade 
until the line of sight falls upon the first pin. Clamp, transit again, and set a third 
pin on the line of sight beside the second one. Set a fourth pin at one-fourth of the 
distance from the third pin to the second one, and bring the line of sight to this posi- 
tion by shifting the reticule laterally. This will require a slight loosening of the top 
and bottom screws and a simultaneous letting off and tightening up of the opposing 
lateral screws. Test the adjustment until it may be considered perfect. 

To make the horizontal axis of the telescope perpendicular to the axis of the 
instrument.—The previous adjustments having been made, sight on a small fixed 
“high point,’? near at hand and perhaps 45° in elevation, and with both motions 
clamped establish a “low point,’’ as a pin in the ground, in the same apparently ver- 
tical plane. Free the upper (or the lower) motion, rotate the alidade 180°, transit the 
telescope, and again set on the high point. Lower the telescope and establish a 
second low point beside the first. Half way between these stick a pin. Raise or 
lower one end of the horizontal axis until by repeated tests the high point and the 
mean low point are found to be in the same vertical plane. 

To make the axis of the telescope parallel to the line of sight.—Set two pegs in 
nearly level ground about 300 feet apart. Set up the transit at about half the length 
of the telescope from one of the pegs. Holding a leveling rod vertically on the frat 
peg, look at it through the object end of the telescope and make a pencil mark on it 
in the center of the small field of view, taking care that the bubble of the telescope 
level is at the center at the moment. Again, with the bubble still in the center, sight 
on the rod held on the second peg, and make a second mark, or, better, set a target 
where the horizontal cross hair falls. Call the first reading a and this one 6. The 
first, a, is the height of instrument, and the second, ), is the rod reading. Go to the 
distant peg and obtain another height of instrument, a’, and another rod reading, 6’. 

‘From the mean of the heights of instrument subtract the mean of the rod readings, 
and call the difference d. Move the target by the amount d from the b’ reading, 
upward when d is positive, downward when d is negative. The target will then be in 
the same horizontal plane with the horizontal cross hair of the instrument. Set the 
cross hair on the target, and raise or lower one end of the level vial until the bubble 
comes to the center of the vial. 

When this adjustment has been made, the transit may be used to run lines of 
levels. At this point the vernier of the vertical circle, if it does not read zero when 
the telescope bubble is in its central] position, may be adjusted; but in general, with 
transits having a full vertical circle, it is better not to disturb the vernier, relying 
upon the easy method of finding an index correction, for any particular series of 
observations, by observing a double altitude of some small definite object, first with 
the telescope direct and second with the telescope inverted. 

To remove the parallax of the eyepiece.—Turn the telescope toward the sky 
and bring the object glass slide all or nearly all the way in. Move the eyepiece 
backward and forward through the position of maximum distinctness, and decide 
upon some mean position in which the wires appear as black and distinct as possible. 
The instrument is now nearly in sidereal focus. Point upon a star or upon some 
distant terrestrial object, either centrally or slightly to one side, and clamp the tele- 
scope. Perfect the abiecs glass focus and the eyepiece focus alternately until the wires 
appear to be motionless and as distinct as possible when the eye is moved from side 
to side or up and down before the eyepiece. The adjustment is now made for distant 
objects and for the particular observer, the focus of the eyepiece depending upon the 
eyes of the observer; and will be found to be suitable for triangulation work with an 
instrument of high precision. But in work in which the sights are short it may be 
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advisable to modify the adjustment slightly, in order to obtain the maximum dis- 
tinctness at medium ranges. 

Telemeter and stadia equipment.—Any telescope fitted with stadia wires may 
be regarded as a telemeter, but little success would attend its use unless it were pro- 
vided with a stable support. Instruments of this character designed to be held in 
the hand are useful in sketching. 

A transit fitted with stadia wires is a very useful instrument for reading distances 
up to about 1,200 feet, using a stadia rod or board having no divisions less than 0.1 

oot. 

Let c=distance from the center of a transit to the objective, 

f=focal length of the objective, 
1=vertical interval between the cross-wires, 
8=space intercepted on a rod held vertically, 


and d=horizontal distance from the center of the transit to the rod. 
Then f 
d= 7 8+ (f+ c). 


If (f+c) is not furnished by the manufacturer, c may be measured directly, and 
f may be found by measuring from cross wires to objective when the latter is in 
sidereal focus. The term (f+ c) is about 9 inches in most transits. 

If this term is disregarded in the formula it will be seen that the coefficient 
of s is simply the factor by which rod readings are multiplied to give distances. In 
many transits it is made 100, approximately, and the stadia constant furnished by 
the manufacturer is 1 percent of this factor. 

Ezample.—The reading on a stadia rod graduated in feet and tenths is 662, the lower wire 


standing at the 2-foot mark and the upper at 8.62 feet. The stadia constant is 0.995, and (f+c) is 
9 inches. What is the distance? 


d= 662.75 ft.—4% of 662 ft.—659-+ ft. 


In this brief treatment it 1s deemed inexpedient to discuss the reduction of in- 
clined stadia sights. 

The sextant.—For the description and the adjustments of the sextant see chapter 
ines Its use in minor hydrographic surveys will be discussed later in the present 
chapter. 

To observe a horizontal angle with a transit or theodolite.—Clamp the upper plate 
to the lower plate with the zero of the A-vernier near the zero of the horizontal circle, 
and perfect the coincidence by means of the tangent screw. This is called setting the 
zeros, for at the same time the zero of the B-vernier will nearly coincide with 180° on 
the circle. Read the B-vernier. Then the initial setting, corrected for eccentricity, 
is the mean of the reading of the A-vernier and the angle obtained by subtracting 180° 
from the reading of the B-vernier. 

Next, with the upper motion clamped and the lower motion free, sight the object 
considered to be the origin of directions, clamp the lower motion, and perfect the 
pointing with the lower motion tangent screw. Free the upper motion. ‘The instru- 
ment is now ready for observing the relative directions of all other objects in sight. 
They are usually observed successively, in what is called a round of angles, from 0° 
to 360°, when again, if the instrument has remained in adjustment, the origin should 
read 0°, A-vernier. This test, called checking the zeros, should be made several times 
while taking the round of angles, if much time elapses in the process. 

In pointing upon any one of these objects the upper motion is clamped lightly, and 
the vertical wire is made to bisect the object with precision by using the upper motion 
tangent screw. In taking single angles, or cuts, usually only the A-vernier fs read, and 
the recorded angle is the travel of the A-vernier. In taking repeated or multiple 
angles, however, both verniers are read and recorded. In such a case the total angle 
is the mean of the travels of the verniers between their initial and final positions, and 
the resulting multiple angle is the total angle divided by the number of repetitions. 

To repeat an angle: Having made the first measure of it, called the 1-time angle, 
leave the upper motion clamped, free the lower motion, and point again upon the origin. 
Free the upper motion and point upon the second object. The plate reading will now 
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be a 2-time angle. Do not stop to read it, but continue to the end of the series as 
quickly as possible, while the instrument remains in adjustment. If the series con- 
sists of 2n repetitions, reverse the telescope after the nth pointings, thereby eliminat- 
ing most of the instrumental errors. 

The Wye Level.—This is an instrument constructed for the sole purpose of 
measuring the difference of elevation between any two stations that are equally distant 
from it. It consists of a sensitive bubble and in the same vertical plane a telescopic 
line of sight parallel both to the equipotential surface of the bubble and to the longi- 
tudinal axis of the bubble. The 
telescope is solidly mounted in 
th supported on a tripod, and 
when not locked in position is 
capable of rotation about its longi- 
tudinal axis, a motion necessary 
for adjusting the line of sight to 
the centers of the pivot rings. 

When the telescope is lifted 
out of the wyes and turned end for 
end, any lack of parallelism be- 
tween the line of sight and the 
pune defined by the bubble will 

ecome apparent in double its 
magnitude, and may be adjusted 
out by Sara or lowering one end 
of the bubble tube by half the 
amount required to bring the 
bubble to the center. Or the peg 
adjustment for the transit may be 
applied. 

The axes of telescope and 
bubble should lie in the same ver- 
tical plane. If they do not, this 
may be discovered by rotating the 
telescope slightly in the wyes. If 
the bubble tends to run toward 
one end, the adjustment to the 
same plane may be made by 
means of the lateral adjusting 
screw of the vial. 

The action of the four leveling 
screws is like that of the transit. 
These screws, however, play no 
necessary part in the adjustment. 

Figure 110. But by means of the adjustment 

similar to that for the transit, the 

axis of the wyes may be made perpendicular to the vertical axis of the instrument, 
thus permitting the telescope to be turned in any direction without releveling. 

he wye level is used principally for finding the elevation of bench marks above 

the datum of soundings and for finding the differences of elevation of stakes on the 

base line. This kind of leveling is called differential leveling, as distinguished from 

trigonometric leveling, which depends upon computed or scaled distances and vertical 

angles. The requirement of equal distances, in the differential method, is designed to 

eliminate corrections for refraction and the curvature of the earth’s surface. 

Astronomical transit instruments.—Various instruments are employed for the 
astronomical determinations necessary in a marine survey. Among these are the 
zenith telescope and portable transit. While differing in detail they consist essentiall 
of a telescope mounted upon a horizontal axis placed truly in the prime verti 
thus insuring the revolution of the line of collimation in the meridian; a vertical 

aduated circle and vernier are supplied, affording a measure of altitude; in the 
ocus are a number of equidistant vertical cross hairs or lines; a small lamp is so 
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placed that its rays illuminate the cross hairs and render possible observations at 
night. Latitude is obtained by observing the meridian altitude of stars; hour angle 
(and thence local sidereal time) by observing the times of their meridian transit, 
which is taken as the mean of the times of passing all of the vertical cross hairs. 

Excepting in surveys of a most accurate nature, the astronomical determination 
of position by the sextant and artificial horizon is regarded as satisfactory. 

The three-armed protractor (station pe is an instrument whereby 
positions are plotted on the principle of the “‘three-point problem,” of which an ex- 
planation is given in chapter IV. It consists (fig. 110) of a graduated circle with 
three arms pivoted at the center; each 4 
arm has one edge that is a true rule, the | 
direction of which always passes through 
the center of the circle. e middle arm 
is immovably fixed at the zero of the 
scale; the mght and left arms each re- 
volve about the center on their own sides, 
and are provided with ver- 
niers giving the angular dis- 
tance from the middle arm. 
The protractor being set for 
the mght and left angles, is 
so moved that the three 
arms pass through the re- 
spective stations, when the 
center will mark the position 
of the observer. Center 
pieces of various forms are Fiouns 111 
provided, being cylindrical 
plugs made to fit into a socket at the pivot. By employing one or the 
other of them the position of the true center may be pricked with a 
needle, dotted with a pencil, or indicated by cross hairs. Adjustable 
arms are phair which can be fitted to the ends of the ordinary arms 
when working with distant pa ri 
The most valuable use of the three-armed protractor is in plotting 
the poe nons of soundings taken on shipboard or in boats, where sextant 
angles between signals are observed. It may occur, however, that 
certain shore stations will be located by its use. 

As this instrument cannot be made with both right and left arms 
capable of being set to small angles down to 0°, the manufacturers make 
protractors with either small right or small left angles. Surveyi 
parties should be equipped with both. In default of a thresanmned 
poe @ piece of tracing paper may be made to answer its purpose. 

o use the tracing paper, aw a line, making a dot on it to represent 
the center station, and with the center of an ordinary protractor on the 
dot, lay off the two observed angles right and Jeft of the line; then, Jaying 
the tracing paper on the plan, move it about till the three lines pass 
exactly through the three stations observed. The dot from which they 

Fiover 112 +were laid off will be on the position of the observer, and may be pricked 
lightly through or marked underneath in pencil. 

The beam compass.—This instrument (fig. 111) is employed in chart drafting 
and performs the functions of compasses and dividers when the distance that must be 
eee is beyond the limits of those instruments in their ordinary form. It consists 
of a bar of wood or metal upon which two instruments termed beam heads may slide 
easily. A clamping screw attached to one side of the beam head will fix it in any ee 
of its course along the beam. Upon each head a socket 1s constructed to carry a plain 
point, exchangeable for an ink or a pencil point. To secure accuracy, the beam head 

laced at the end of the beam has a fine adjustment, which moves the point a short 
distarice to correct any error in the first rough setting of the instrument. This adjust- 
ment generally consists of a milled-head screw, which passes through a nut fixed upon 
the end of the beam head, which it carries with its motion. 
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Proportional dividers.—These are principally employed for reducing or enlarging 
drawings. They consist (fig. 112) of two narrow flat pieces of metal called legs, whic 
turn upen & pivot movable in the direction of their as The ends of both legs are 
shaped into points like those of ordinary dividers. When the pivot is fixed at the 
middle of the legs, any distance measured by the points at one end is equal to that 
measured by those at the other; for any other location of the pivot, however, the 
distances thus measured will not be equal, but with a given setting of the gh any 
distance measured by one end bears a ed ratio to that measured by the other. The 
path of travel of the pivot is graduated so that the ratio may be given any desi 
value. Being adjusted in this respect, if a distance is taken off a chart with the legs 
at one end of the instrument, then those at the other end will show the same distance 
on the scale of a chart enlarged or reduced in the proportion represented by the ratio 
for which the pivot was set. 

The pantograph.— Whereas proportional dividers are capable of locating only 
discrete points of a design on a smaller or larger scale, the pantograph, shown diagram- 

: 7 matically in figure 113 

is capable of reducing 
or enlarging the desi 
continuously. The 
principle involved is 
that of the parallelo- 
gram linkage, in which 
the conditions to be 
satisfied are, first that 
the opreate sides 
cf must equal and 
parallel; and second, 
that the points P, P’, 
Pp, and P’’, respectively 
the pivot, the pencil 
(or metal) point, and 
the metal (or pencil) 
point, must be in line. These conditions are satisfied continuously by graduating the 
movable bar and the two bars that it joins, and by making equal settings. 


FIGURE 113. 


METHODS EMPLOYED IN A HYDROGRAPHIO SURVEY 


Before beginning a survey a general reconnaissance of the field is made to gain 
information necessary for the economical conduct of the survey, and especially to 
select such sites for trangulation stations as will effectively control the whole area of 
the survey by a net of well-conditioned triangles, quadrilaterals, and polygons, the 
quadrilaterals and polygons, of course, being composed of triangles as elementary 
units. A triangle is usually regarded as well-conditioned when the length of one 
side, called the base, is known, and when the position of the station or third vertex 
opposite the base is such that the lines of direction to it, drawn from the ends of the 
base, intersect at an angle, called the recewing angle, lying between 30° and 150°. 

When the possibilities of obtaining a strong net are known, a site somewhere in 
the area, should be selected for measuring, an initial unit of length called the base line, 
so situated and of such length and azimuth as will afford a strong connection with one 
side of the triangulation net. If the field is extensive the matter of check base lines, 
their connection with the triangulation net, and their availability for later extensions 
of the net in both directions, should be considered. 

Every survey is by custom referred to a station of known latitude and longitude, 
called the survey origin, and is oriented by means of an observed azimuth control- 
ling the directions of all sides of the triangulation net. If these elements are lacking, 
they may be found by star observations described elsewhere in this book. It may be 
assumed that a radio set is available for receiving the time signals of a known meridian. 

The observation for azimuth should be made with a transit, if one is available, 
by turning a multiple angle between a circumpolar star and a triangulation station, 
marking the time of each pointing on the star in order to enable its azimuth to be 
computed. When the time is not known precisely, errors in the computation of the 
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azimuth of the star may be minimized by observing at the time of either elongation, 
when the star will apparently remain on the vertical cross wire for some minutes. 

It is considered best to observe the azimuth over some long side of the triangu- 
lation net. If there is a lighthouse, it may well be considered as a triangulation 
station and be used as a mark during azimuth observations. When there is no 
lighthouse, some other conspicuous and permanent object should be connected with 
the triangulation net for later use as a chart origin. 

The base line.—That the base line is truly the unit of distance of the whole 
survey, emuans the omission of all other linear measurements between stations, 
may be illustrated by cases in which surveys proceed upon an assumed or uncertain 
length of the base line. For instance, if a base line roughly measured as 1,000 feet in 
length, and so used to plot a survey, were afterwards found to be only 999 feet long 
all computed distances could be corrected by reducing each by 1 part in 1,000, and 
the survey sheet itself could be rectified by drawing on it a new scale 1 part in 999 
longer than the original scale. 

If a steel tape is used, the measurement of the base line should be made on a 
rainy day or at night, when the temperature of the tape can be found with some 
degree ar precision. The coefficient o expansion of steel may be taken as 1 part in 
160,000 per degree Fahrenheit of variation from the standard temperature, which is 
usually 60° F. The exact manner of applying the tape, whether or not conformi 
to the conditions described in its certificate of standardization, should be described 
in detail in the record of the base line measurement, in order that corrections for sag, 
stretch, and temperature may be computed later. - 

Such extreme precautions are unnecessary when the tape metal is invar, a nickel 
alloy of steel having a coefficient of expansion about one-eleventh as great as that of 
ordinary tape steel. 

Let B be the whole length of metal, excluding stray line, used in the measurement 
of a base line; a the coefficient of expansion; ¢,, the mean temperature during the 
mipepuroment; and t, the temperature of standardization. 

en 


temperature correction= + (¢,,—#,)aB. 


Anticipating the possible lack of a certificate of standardization, it is suggested 
that the base line be measured with the tape laid flat and stretched with a tension of 
15 pounds, for a 100-foot tape, or 30 pounds, for a 300-foot tape, the temperature 
being recorded at each application. 

it the measurement must be made over water, or swampy or rough terrain, it 
will be necessary to suspend the tape in a catenary and to make a correction for 
sag to each tape length; or else to make a substitute tape which, when used in a 
catenary, will span a horizontal distance determinable by measurement with the 
standard tape laid flat. 

If the part of a tape between end marks weighs P pounds and is L feet long, 
laid flat, the reduction in length when the tape is suspended at the end marks by 
supports in the same horizontal plane, and subjected to a tension of T pounds, is 


3 
reduction for sag (leet) = 34 7 


A substitute tape, about 300 feet long, may be made over any level place of this 
extent where the standard tape may be laid flat, by stretching piano wire over tripods 
having board tops with a nail hole drilled in the center of each, marking the piano 
wire by soldering on sleeves at the nail aoe 2 uae down from the sleeves to the 
ground, and measuring the effective horizontal interval on the ground by use of the 
standard tape. To obtain a steady invariable tension a loop in one end of the piano 
wire may be placed over the nail in the rear tripod head, and the wire may be stretched 

ast the nail in the forward tripod head by attaching and suspending a 14-pound 
ead, taking care to minimize friction by placing a small roller under the wire near 
the edge of the board. As the tripod legs, in use, may be thrust far into the mud, it 
will be necessary to suspend the lead as high as possible. 
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When for any reason the existing conditions do not permit of a direct measure- 
ment being made along the line between the two base stations, recourse must be had 
to a broken base; that is, one in which the length of the base is obtained by reduction 
from the measured length of two or more auxiliary lines. Necessity for resorting to 
a broken base arises frequently when the two stations are situated on a curving shore 
line and the straight line between them passes across water, or where wooded or 
unfavorable country intervenes, or where a stream must be crossed. The most 
common form of broken base is that in which the auxiliary lines run from each extrem- 
ity of the base at an acute angle and intersect; in addition to measuring each of these 
lines the angle formed by their intersection or else the angles formed by them with 
the base line must be observed and the true length of the base deduced by solution of 
the triangle. The form that is most frequently used where only a short section of 
the base 1s incapable of measurement (as is the case where:a deep stream flows across) 
is that of an auxiliary right triangle whose base is the required distance along the 
base line and altitude a distance measured along a line perpendicular thereto to some 
convenient point; by this measured distance and the angles which are observed, the 
triangle is solved and the length of the unmeasured section determined. 

a survey of considerable extent, where good means are at hand for the correct 
determination of latitude and longitude, the measurement of a base line and an 
azimuth may be dispensed with, and, instead, the positions of the two stations which 
are most widely separated may be determined astronomically and plotted; the tri- 
angulation is then plotted upon any assumed scale, and when it has been brought 
up to connect the two stations the true scale and a mean value of the azimuth are 
adopted. This is called the method of an astronomical base. 

Signals.—All points in the survey whose positions are to be located from other 
stations, or from which other positions are to be located, must be marked by signals 
of such character as will render them distinguishable at the distance from which they 
are to be observed. 

A vessel regularly fitted out for surveying would carry scantlings, lumber, bolts, 
nuts, nails, whitewash, and sheeting for the erection of signals; however meager the 
equipment, the whitewash and sheeting (or some substitute for sheeting, ada at 
half of it white and half dark in color) should be provided, if possible, be ore begin- 
ning any surveying work. Regular tripod signals, which are quickly erected and 
are visible, ander: favorable circumstances, for many miles, are often employed to 
mark the main triangulation stations; among other advantages the tripod form 
permits the occupation with the theodolite of the exact center of the station, and 
avoids the necessity of a reduction to center. Signals on secondary stations take an 
' innumerable variety of forms, the requirement being only that they shall be visible 
wherever needed; a whitewashed spot on a rock, a whitewashed trunk of a tree, a 
whitewashed cairn of stones, a sheeting flag, a piece of sheeting wrapped about a bush, 
or hung, with stones attached, over a cliff, or a whitewashed barrel or box filled with 
rocks or earth and surmounted by a flag, suggest some of the secondary signals 
that may be employed; sometimes objects are found that are sufficiently distinct in 
themselves to be used as signals without marking, as a cupola or tower, a hut, a lone 
tree, or a bowlder; but it is seldom that an object is not rendered more conspicuous 
by. the flutter of a flag above it, or by the dead-white ray reflected from a daub of 
whitewash. 

For convenience, each signal is given some short name of three letters by which 
it is designated in the records. 

For the sake of economy in both time and labor, steel towers of the sectional 
built-up type are being extensively employed by hydrographic parties for survey 
signals. They are very easily erected and dismounted, easily transported, offer little 
tare to gales of wind, and are more permanent and satisfactory than signals 
of wood. 

The main triangulation.—The points selected as stations for the main triangu- 
lation outline the whole area to be surveyed; they are close enough together to afford 
an accurate means of plotting all intermediate stations of the secondary triangulation; 
and they are so placed with relation to one another that the triangles or quadrilaterals 
derived from them are well conditioned. The points are generally so chosen that small 
angles will be avoided. In order to fulfill the other conditions, 1t frequently becomes 
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necessary to carry forward the triangulation by means of stations located on points a 
considerable distance inland, such as mountain peaks, which would not otherwise be 
regarded as properly within the limits of the survey. 

Great care should be taken in observing all angles upon which the main triangu- 
lation is based; the best available instrument should be employed; angles taken 
with a theodolite or transit should be repeated, and observed with telescope direct 
and reversed, and the mean result taken; if the sextant 1s used, a number of separate 
observations of each angle should be taken and averaged for the most probable value. 
It must be remembered that while, in any other part of the work, an error in an angle 
affects only the results in its immediate vicinity, an error in the main triangulation 
goes forward through all the plotting that comes after it. 

It occurs frequently that the purposes of the survey are sufficiently well fulfilled 
by a graphic plotting of the main triangulation, but where more rigorous methods 
arora. the results are obtained by companion: The sum of the angles of each 
triangle is taken, and if it does not exactly equal 180° plus its spherical excess, the 
-values are adjusted to make them comply with this condition. In cases where the 
triangulation stations form a series of quadrilaterals, the angles of each quadrilateral 
are adjusted so as to form a perfect geometrical figure. Allowance is made for the 
curvature of the earth where the area of triangles is sufficiently large to render it 
expedient to do so. The lengths of the various sides and the relative latitudes and 
longitudes of the several stations are then computed. Each station may then be 
plotted in its latitude and longitude on a polyconic projection, and a delineation of 
the triangulation system may thus be obtained free from the accumulated errors of a 
graphic plotting. 

The spherical excess of a triangle is approximately 1% seconds per 100 square 
nautical miles of its area. 

It is not deemed advisable, in this brief treatment, to illustrate forms for the 
adjustment of quadrilaterals and polygons; nor to include tables, based on the figure 
and dimensions of the earth, that would be required for the computation of spherical 
excess, geodetic latitudes, longitudes, and azimuths, and the elements of polyconic 
projections. Lacking these forms, formulas, and tables, the computations ane fotting 
will necessarily go forward as outlined in the paragraphs devoted to Survey Sheets. 

When the true center of a triangulation station cannot be occupied, an eccentric 
station close at hand may be occupied instead, and the directions so observed to other 
stations may be corrected to the true center by means of the formula 


Crd cot 17808, 


in which d is the eccentric distance, a 1s the direction from the eccentric station to any 
distant station as found by setting the zeros on the true center and turning to the true 
station, K is the approximate distance to the latter, and C’’, in seconds, is the required 
correction to the direction a. The algebraic sign of the correction is the same as that 
of sina. The value used for K is obtained by a preliminary solution of the triangle of 
which it is aside. The true values of the central angles are now found by combining 
the corrected directions, and with these the triangles having the true center as a vertex 
are computed anew. 

The value of d is found by measurement or by scaling on a large-scale drawing. 

The usual observations at a triangulation station may be classed as follows: 

(a) Main triangulation angles, multiple angles, each with its explement. 

(6) Secondary triangulation angles. 

(c) Single cuts to signals, beacons, buoys, and landmarks. 

(d) Tangents to islands, shoals, and reefs; vertical angles to those nearest. 

(e) Horizontal and vertical angles to peaks. 

(f) References for the station, designed to assist in its restoration in case of the 
destruction of the center mark. This includes a sketch and a description of the 
station and the vicinity. 

The secondary triangulation—The points of the secondary triangulation are 
located by angles from the main triangulation stations; these angles, having less 
dependent upon them, need not be repeated. A graphic plotting of these stations, 
without computation, will suffice. 
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Astronomical work.—This comprises the determination of the correct latitude 
and longitude of some point of the survey, and of the true direction of some other 
point from the observation spot, thus furnishing an origin from which all positions 
and all directions can be determined either graphically or by computation. 

The methods of finding latitude, longitude, and the true azimuth of a terrestrial 
object are given in previous chapters. The feature that distinguishes such work in 
surveying from that of determining the position of a ship at sea lies in the greater care 
that is taken to eliminate possible errors. 

The results should therefore be based upon a very large number of observations, 
employing the best instruments that are available, and the various sights being so 
taken that probable errors are offset in reckoning the mean. 

By taking a number of sights the observer arrives at the most probable result of 
which his instruments and his own faculties render him capable; but this result is 
liable to an error whose amount is indeterminate and which 1s equal to ‘the agentes 
sum of a number of small errors due, respectively, to his instruments (which must 


always lack perfection in some details), to an improper allowance for refraction under 


existing atmospheric conditions, and to his own personal error. Assuming, as we 
may, that the personal error is approximately constant, these three causes give rise 
to an error by which all altitudes appear too great or too small by a uniform but 
unknown amount. Let us assume, for an illustration, that this error has the effect of 
making all altitudes appear 30’’ too great; if an observer attempted to work his 
latitude from the meridian altitude of a star bearing south, the result of this unknown 
error would give a latitude 30” south of the true latitude; 1f another star to the south- 
ward were observed, this mistake would be repeated; but if a star to the north were 
taken, the resulting latitude would be 30” to the north. Itis evident, therefore, that 
the true latitude will be the mean of the results of observation of the northern and the 
southern star, or the mean of the average of several northern stars and the average of 
several southern stars. A similar ha of reasoning will show that errors in the 
determination of hour angle are offset by taking the mean of altitudes of objects 
respectively east and west of the meridian. 

It must be remembered that the uniformity of the unknown error only exists 
where the altitude remains approximately the same, as instrumental and refraction 
errors may vary with the altitude; another condition of uniformity requires that the 
instrument and the observer remain the same, and that all observations be taken 
about the same time, in order that atmospheric conditions remain unchanged; to 
preserve uniformity, if the artificial horizon is used, the same end of the roof should 
always be the near one to the observer; in taking the sun, however, as the personal 
error may not be the same for approaching as for separating limbs, every series of 
sees Neg should be made up of an equal number of sights taken under each 
condition. 

With this in mind, a general rule adopted is that astronomical determinations 
shall be based upon the mean of observations, under similar conditions, of bodies 
whose respective distances from the zenith are nearly equal, and which bear in opposite 
directions therefrom. 

This condition eliminates the sun from availability for observations for latitude, 
though it properly admits the use of that body for longitude where equal altitudes or 
single a.m. and p.m. sights are taken. Opposite stars of approximately equal zenith 
distance should always be used for latitude, circum-menidian altitudes being observed 
during a few minutes before and after transit; excellent results are also obtained from 
stellar observations for longitude; but very low stars should be avoided, on account of 
the uncertainty of refraction, and likewise very high ones, as the reflection from the 
index mirror of the sextant may not be perfectly distinct when the ray strikes at an 
acute angle. : 

If there js telegraphic or radio communication, an endeavor should be made to 
obtain a time signal from a reliable source, instead of depending upon the chronometers. 

Topography.—In general, topography 1s a term referring to the visible forms of 
shore lines, landmarks, streams, hills, and mountains. 

The survey of a shore line is usually accomplished by plane table, or by vertical 
aerial photography, when airplanes are available; or by traversing the shore and 
taking three-point fixes at intervals, sketching in the intermediate portions. A con- 
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siderable measure of control is also afforded by tangents and other cuts from triangu- 
lation stations. 

The positions and elevations of nearby hills may be determined by transit cuts 
or by transit and stadia, but those of conspicuous inland peaks are best determined by 
horizontal and vertical theodolite angles at triangulation stations. The most im- 
a distances are computed, and the less important are scaled. 

et 
A feet=height of eye of observer at station A, 
B feet=height of ground or target at station B, 
F d nautical miles=distance from A to B=6080 d feet, 
an : 
V=vertical angle of B above the true horizon, 
Then the height of B above A, expressed in feet, is 


B—A=6080 d tan »+0.76d?, 


in which the last term is the correction for curvature of the earth combined with that 
for refraction. This correction is always positive, whether » is positive or negative; 
and tan v has the sign of ». 

To modify the formula for use with a sextant, let v’ be the vertical angle above 


the — horizon, and D the dip of the sea horizon in seconds. 
en 
B—A=6080 d tan (v’+ D)+0.76d?, 
in which 
D=—58’.82-/A. 


Small streams are surveyed with sufficient accuracy for chart purposes by run- 
ning a few lines of soundings in the navigable part, in or parallel to the axes of the 
Preis reaches, and estimating distances to shore at intervals. 

The heights of hills within a reasonable distance from shore may be determined 
with an aneroid barometer; or this instrument may be used to check heights obtained 
by sextant elevations. 

Summits of definite and recognizable shape should be shown by sketch contours 
surrounding a dot at the exact position of the apparent summit. 

Survey sheets.—The approximate extent of the survey being known, it will be 
found expedient, without waiting for astronomical and base line results, to make a 
station sheet large enough to embrace the whole area and on the scale intended to be 
used in sounding, with the intention of plotting stations and cuts on it from day to 
day, and to serve as a master sheet for sectional sheets of various kinds, by pricking 
through stations, meridians, and parallels. 7 

o obviate shrinkage and variations in scale, it is best to reduce the positions of 
triangulation and other important stations to a system of rectangular coordinates 
with axes through the origin, and to place on the sheet a grid of pencil squares 1,000 
to 10,000 feet on a side, for the easy and accurate plotting of stations in their proper 
squares. 

Boat sheets need not be made large, if care is taken in the placement of sub- 
sidiary stations to serve their respective sounding areas. In addition, each boat 
sheet, when issued, should bear such pencil lines, to be followed by sounding boats, 
as will insure a uniform development of the hydrography. Other lines, calling for 
closer examination and development of shoals and channels, may be added after 
obtaining the first general spread. To facilitate this study during the progress of 
ae hier it 1s good practice to ink in soundings and to pencil in tentative fathom 

es daily. 

Shore lines are often plotted on the station sheet, but when there are several 
observers shore line sheets will be required, unless equipment is at hand for vertical 
photography. These are simply replicas of the station sheet, and are intended for the 
plotting of successive three-point fixes along the shore in sufficient number to enable 
the shore line to be well delineated from point to point, with the aid of tangents from 
the tnangulation stations and tangents and sketches forward and backward from 
the shore line stations. 

541524°— 43-17 
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The positions of inland peaks and of distant conspicuous objects may be plotted 
on special small-scale a he ee sheets. 
| he approaches to a harbor or anchorage will naturally be sounded by the ship. 
For this a ship’s sheet of smaller scale than the boat sheets (1: 60,000 is often suitable) 
will be riéeded: 

The final plot of the whole survey will usually be made on one or more smooth 
sheets, on a system of plane coordinates, or on a system of geographical coordinates, 
if preferred, provided that the necessary tables based on the form and dimensions of 
the earth are at hand. 

Hydrography.—The correct delineation of the hydrographic features being one 
of the most important objects of the survey, great care should be devoted to this 
part of the work. Soundings are run in one or more series of parallel lines, the direc- 
tion and spacing of which depend upon the scope of the survey. It is usual for one 
series of lines to extend in a direction normal to the general trend of the shore line. 
In most cases a second series runs perpendicular to the first, and in surveys of impor- 
tant bodies of water still other series of lines cross the system diagonally. In develop- 
ing rocks, shoals, or dangers the direction of the lines is so chosen as will best illustrate 
the features of the bottom. When lines cross, the agreement of the reduced sound- 
ings at their intersection affords a test of the accuracy of the work. 

As the depth of water increases, if there is no reason to suspect dangers, the 
interval between lines may be increased. 

Lines are run by the ship or boat in such manner as to follow as closely as possible 
the scheme of sounding that has been laid out. The position is located by .angles 
at the beginning of each line, at each change of course, at frequent intervals along 
the line, and at the point where each line is finished. Soundings taken between 
positions are plotted by the time intervals. | 

There are a number of methods for determining positions while sounding, which 
may be described briefly as follows: 

By two sextant angles.—Two observers with sextants measure simultaneously 
the angles between three objects of known position, and the position is located by 
the three-point problem. This is the method most commonly employed in boat 
work, and has the great advantage that the results may be plotted at once on the 
working sheet in the boat and the lines as run thus kept nearly in coincidence with 
those laid out in the scheme. A study of the three-point problem (ch. IV) will give 
the considerations that must govern in the selection of objects. 

By two transit angles.—T'wo stations on shore are occupied by observers with 
transits, and at certain instants, indicated by a signal from the ship or boat, they 
observe the angular distance thereof from some known point. The intersection 
of the direction lines thus given is at the required position. This method is expedi- 
tious where the signals are small or not numerous. Its disadvantage is that the 
plotting can not be kept up as the work proceeds. 

By sextant and transit angle——An observer on shore occupies a station with 
a transit and cuts in the ship or boat, while one on board takes a sextant angle be- 
tween two objects, of which one should preferably be the occupied station. It is 
plotted by laying off the direction line from the transit station and finding with a 
three-armed protractor or piece of tracing paper at what point of that line the ob- 
served angle between the objects is subtended. Its advantages and disadvantages 
are the same as those of the preceding method. 

By radio-acoustic sound ranging (phonotelemetry).—Because of the limitations 
and delays attendant upon marine hydrographic surveying operations by conditions 
of visibility, resort may be had to hydrophone location, especially for locating off- 
shore soundings. By this method sound is caused to be transmitted through the 
water from the position et eles to be fixed to each of two h oa eee suitably 
placed in known positions. The observer’s vessel is also equipped with a hydrophone, 
and the time of receipt by this hydrophone of the sound of the explosion of a bomb 
near the vessel is recorded on the vessel’s chronograph, which also receives indications, 
by radio transmission from each of the fixed hydrophone stations, of the time when 
the sound of the explosion has reached it. The transmission interval of the radio 
signal being exceedingly minute and consequontly negligible, the record of the chrono- 
graph affords the means of telling the interval of time required for the sound of the 
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explosion to travel from the observer’s vessel to each of the fixed hydrophone stations, 
and hence, knowing the velocity of sound through the water (about 800 fathoms per 
second) the distance of the observing vessel from each of the locations in which these 
selected stations are known to be. 

In running lines of soundings offshore, where signals are lost sight of, another 
method is to get an accurate departure, before dropping the land, by the best means 
that offers, keeping careful note of the dead reckoning, and on running in again, to 
get a position as soon as possible, note the drift and reconcile the plotting of inter- 
mediate soundings accordingly. 
Where circumstances require, the 
position may be located by astro- 
nomical observations as usually 
taken at sea. 

A careful record of soundings 
must be kept, showing the time of 
each (so that proper tidal correction 
may be applied), the depth, the 
character of bottom, and all data 
required to plot the position. | 

The wire drag.—The use of the 
lead in hydrographic surveying does 
not absolutely establish a definite 
available depth, as pinnacle obstruc- 
tions may exist which are not de- 
tected by that means. This is 
particularly true of rocky localities 
and those of coral formation. 

In order to guarantee a certain 
depth of water for purposes of navi- 
gation, it has become the practice 
to tow through the waters to be 
examined a line of wire or cable 
suspended at that depth. 

The drag or sweep consists es- 
sentially of a horizontal member, 
known as the bottom wire, which 
is a long steel line composed of 50- 
foot sections coupled together with 
swivels and shackles. It is supported at each terminal from.an ag iene buoy by a 
chain stirrup line whose length may be adjusted from 20 to 50 feet. There are smaller 
buoys placed at intervals varying from 150 to 450 feet, according to local conditions, 
which support the wire by means of steel-cable stirrup lines, adjustable in length 
like the chain stirrup lines on the terminal buoys. At intermediate 50-foot connec- 
tions, cedar toggles or floats, which have a little more buoyancy than is sufficient 
to support the wire between the stirrup lines, are attached by means of snap hooks. 
To prevent the bottom wire from sagging back as the drag is towed transversely to 
its own length by the bridles fastened at the terminals, a leaden weight of 165 pounds 
is suspended from each of the terminal stirrup lines, and a weight of 20 pounds from 
each of the intermediate stirrup lines. The length of the drag may be varied through 
@ wide range to suit the conditions existing in the localities to be examined. Any 
multiple of 50 feet may be used, but it 1s in general found best to use, in each division 
between two towing launches, eight sections with stirrup line supports at their ends, 
each composed of from three to seven 50-foot units. The towing launches use tow 
lines about 200 feet in length bridled to the terminal stirrup lines with attachments 
at the top and bottom. During the towing, as long as the drag is free, the line of 
supporting buoys will trace out a parabolic curve on the surface of the water; but if 
progress should be interrupted by a pinnacle of rock rising in its path above the depth 
to which the drag line is set, the parabolic curve of the line of buoys will immediately 
become broken into the form of a V, whose angle will correspond in position with 
the position of the pinnacle. The presence of any such obstruction is also registered 
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by the spring balance usually attached to the towline at a convenient position near 
the towing vessel. If the shape of the obstruction is such as to allow the drag line 
to ride upward upon it, as may be with boulders and shoals, an additional indication 
of its presence is afforded by the falling over of the supporting buoys when the stirrup 
lines are relieved of strain by the grounding of the weights attached to them. 

In such cases a tender should be in readiness to proceed to the indicated point 
for the purpose of taking position angles to locate the spot and also soundings to 
ascertain the characteristics of the obstruction. Such localities are plotted upon 
the chart upon which the pate of the drag line are being mapped, and later these 
areas are again swept with the drag line at a lesser depth; and this procedure is 
continued until the obstruction is cleared by the drag line, and thus the least depth 
is proved. The position of the drag 1s determined by observers with 
sextants, as in sounding. 

When it is desired to guarantee a specified depth of clear channel 
by dragging, the lengths of the stirrup lines must be adjusted, from 
time to time, in order to compensate for the height of tide above the 
datum of soundings. ,; 

The average speed of towing is about 1.5 knots per hour, and the 
average area explored per working day is 1.5 square miles, although 
a much higher rate of progress is usually attained in open areas 
under favorable conditions. 

Tide observations.—These should begin as early as practicable 
and continue throughout the survey, 1t being most important that 
they shall, if possible, cover the period of a lunar month. In the 
chapter on tides (ch. XVIII) the nature of the data to be obtained 
is explained. 

Current observations.—Observations of currents in the prin- 
cipa] channels are of great importance. In the course of the survey 
a considerable body of these observations may be easily obtained at 
_ the ship’s customary anchorage, by means of a cord and a spar of 
draft approximating that of the largest ships frequenting the locality. But special 
efforts may have to be made to obtain the characteristics of the currents in the en- 
trance channel, especially if it is narrow and crooked. For this the best method is 
that of the free float, followed by a launch and located from time to time by three- 
point fixes, thus enabling the plotting of current vectors. The quantities most wanted 
are the directions, velocities, and intervals of time following high water, of the cur- 
rents during periods of maximum strength, called the strength of flood and the strength 
of ebb, respectively. ; 

Magnetic measurements.—Lacking special magnetic instrumenis for the precise 
determination of the magnetic variation (declination), or the horizontal intensity of 
the earth’s magnetic force, and the magnetic inclination, or dip, it is still regarded as 
essential to measure the element most useful in navigation, namely the variation 
(declination) by the best means available. The Navy service 7%-inch compass 1s suit- 
able for this purpose, for observations ashore over any line of the triangulation net. 
When only a limited number of observations can be made, they are best made at 
about 11 a. m., when the change of the declination is at a minimum. But the better 
plan is to observe an equal number of short series for several days between 7 and 9 
o’clock in the morning and between 1 and 2 o’ciock in the afternoon; that 1s, at times 
of eastern and western elongation, respectively. 

Running survey.— Where time permits only a superficial examination of a coast 
line or water area, or where the interests of navigation require no more, recourse 1s 
had to a running survey, in which shore positions are determined and soundings are 
made while the ship steams along the coast, stopping only at what are regarded as 
principal turning points to fix the position, and in which the assistance of boat or 
shore parties may or may not be employed. 

In this method the ship starts at one end of the field from a known position 
fixed either by astronomical observations or by angles or bearings of terrestrial 
objects having a determined location. Careful compass bearings or sextant angles 
are taken from this position to all objects ashore which can be recognized, and a 
series of direction lines is thus obtained. ‘The ship then steams along the coast, at 
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@ convenient distance therefrom, keeping accurate account of the run by compass 
courses and engine turns. From time to time other series of bearings or angles are 
taken upon those objects ashore which are to be located, the direction lines are plotted 
from the estimated position of the oup poe the various objects are located by the 
intersections with their other direction lines. While the ship is under way, soundin 
are taken at regular intervals and plotted from the dead reckoning. As frequently 
as circumstances permit, the ship is stopped and its position located by the best 
available means, and the intervening dead reckoning reconciled for any current that 
may be found. 

If a steam launch can be employed in connection with a running survey, it is 
usually sent to run a second line inshore of the ship. The boat’s position is obtained 
by bearings and masthead angles of the ship, or by such other means as offer. The 
duty of ie boat is to take a series of soundings and to collect data for shore line and 
to aphy. 

tt circumstances allow the landing of a shore party, its most important duty is 
to mark the various objects on shore by some sort of signals which will render them 
unmistakable. Beyond this, it can perform such of the duties assigned to shore 
parties in a regular survey as opportunity permits. 

Sailing directions The data gathered in a marine nyoreernpale survey, be- 
sides that which goes to make up the fair plotting sheets by graphical representa- 
tion, should solide sailing directions and supplemen descriptive information of 
advantage in piloting and the practice of navigation. portant among the kinds 
of descriptive information to be dealt with in this manner may be mentioned— 

(a) Aspect of the land from seaward. 

(6) Directions for clearing outlying dangers. 

(c) Description of the shores and points of land and of prominent and useful 
marks. 

(d) Description of aids to navigation. 

(e) Anchorages, bearings for anchoring, rature of holding ground, effect of wind, 
swell, and current. ; 

Local winds and weather and conditions of visibility of objects. 
) Offshore and inshore currents and their effects on navigation, tidal currents, 
including interval between high water and the turn of the currents. 

(hk) Local maritime signals. Quarantine and port regulations. 

(1) Pilots. 

(j) Available marks or ranges (prominent and permanent), both for courses and 
changes in courses. 

(k) Maximum draft, that can be carried through channels or into port. 

(1) Ports, towns, and shore settlements. Appearance, population, wharves, ig 
handling facilities, repair facilities, supplies, communications (radio, telegraph, cable, 
railroad, and steamship), sanitation, hospitals, special regulations. 
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So much surveying work of genuine service can be done with the limited equip- 
ment normally carried by most vessels for navigational purposes only that it seems 
appropriate to outline the manner in which this equipment may be utilized in minor 
hydrographic surveys. 

By the use of a launch or pulling boat equipped with a steering compass, lead 
lines, two sextants, a sounding platform, a chart board, a chart or plotting sheet 
(called a boat sheet), and a three-arm protractor, a boat officer and his crew are pre- 
pared for various hydrographic tasks, such as running lines of soundings in channels, 
developing uncharted shoals, and locating new aids to navigation. ith the same 
equipment; and in addition a steel tape, also materials for constructing tripods and 
other simple signals, a complete reconnaissance survey may be made of a harbor or 
anchorage of which no chart exists. 

Harbor chart amendments.—The harbor chart, though based upon an original 
good survey, may sometimes require amendments, due to the destruction of old 
marks or the addition of new, to the silting or scouring of channels, to the displace- 
ment of pucy by storms, andsoon. The positions of most of the marks in a harbor 
may be verified or established anew by cross-bearings from two positions of the ship 
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at anchor, if qatar | far apart, and if well established in position by sextant 
angles between principal points of the chart. The sextant angles and bearings, both 
those used to fix the position of the ship and those used to establish new objects, 
should be observed, not at random, but according to a system enabling the easy 
combination of angles and bearmgs and the final reference of all directions to a single 
controlling direction, which may be the bearing of some distant object. 

When the only available direction instruments are sextants and compasses (the 
pelorus being regarded as an adjunct to the ship’s compass), the following procedure 
will minimize the accumulation of errors: 

(a) Establish a reference bearing to some distant object. 

(b) With a sextant measure three or four adjacent angles all around the horizon 
and back to the first object. All of the objects should be as distant as possible, pro- 
vided that they are distinct. Adjust the angles so that their sum will be 360°.. The 
sextant angles being recorded from left to mght, add the adjusted value of the first 
angle to the reference bearing and obtain a second reference bearing. To this add 
the second angle for a third reference bearing; and so on. 

(c) Again with the sextant, taking the objects between the first two reference bear- 
ings, measure, for each object, the angle from the first reference object to it and also 
the angle from it to the second reference object. Adjust the sum of each pair of 
angles to the adjusted value of the first reference angle. — 

(d) Continue in like manner with the objects lying between the remaining 
reference bearings. 

It is obvious that for work of this precision the ship must be in irons. 

In reporting positions of new marks the mariner should keep in mind the prin- 
ciple that the positions of marks charted or proposed to be charted should be of higher 
precision than ship's positions dependent thereon. 

It may not be practicable to find two anchorages for the ship. In that case 
three well established shore points should be occupied with sextants, and the cuts 
obtained from at least two of the stations should be crossed with those obtained on 
the ship, not only to give location and check for each object to be located, but to 
check the error of the ship’s compass on the standard bearing, which can be done if 
the true azimuth of any direction observed ashore is known and is related to the 
direction of the ship by an observed angle. 

Again, it may be found that the most practicable method of locating new fea- 
tures is the independent location of each by a three-point fix, or rather an n-point 
fix, to strengthen a possible three-point fix and to provide a check. 

With reference to any newly discovered danger in a harbor or in the approaches, 
the chart-making organization is seldom content merely with a copy of the chart 
showing the plotted position of the danger, but desires also the fix angles by means 
of which the danger was plotted. A three-point fix at the spot, or an intersection by 
three cuts, is most satisfactory. To facilitate obtaining the three cuts the spot may 
be marked by a temporary buoy. The vicinity should always be searched for com- 
panion dangers. . 

When channels are found to have silted up or scoured out since the making of 
' the chart, satisfactory corrections may be obtained by running channel lines of 
soundings, that is, one line in the axis of the channel, and one or more on either side, 
at slow speed and with frequent fixes. 

Intercept and floating signal methods.— When chart or triangulation control for 
the location of soundings, shore line, and navigation marks is lacking, and when the 
erection of shore control stations ts impracticable, the method of surveying by polar 
coordinates and intercepts is still available. The position of the ship’s anchorage is 
found by astronomical observations. Directions of objects to be located are found 
by — of compass and pelorus. Distances are found by rangefinder or by intercept 
methods. 

In any intercept method there is an object of known height or width (1) which 
viewed from an unknown distance (D), subtends an angle (6) observed with a sextant 
or transit. The distance intercepted, conveniently called the intercept, may be 
vertical, as the height of a mast, pole, or lighthouse; or horizontal, as the length of the 
ship or the distance between two flags a tape length apart. Strictly speaking, the 
intercept I 1s not necessarily the longest dimension of the object sighted, but only 
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that component of it which is sis ure nae to the line of sight, in magnitude equal to 
the longest dimension multiplied by the sine of its inclination to the line of sight. 
With this proviso the distance D may be found approximately by either of the formulae 


D=I cot 6, or D=% I cot ¥ 8. 


The factor cot 6, by which the known intercept I must be multiplied to obtain 
the unknown distance D, is large and rapidly varying when 6 is small. For observa- 
tions with a sextant it 1s considered inadvisable to use this method when @ is less than 
half a degree, the multiplier then being 115 plus or minus 4 per minute of the error 
in observing 6. Within this limit, however, fair results may be obtained if the following 
precautions are observed: 

Use as great an intercept as is practicable, 6 increasing nearly with I. Provide targets of 
similar size and shape, but of contrasting colors. Use a telescope, and read sextant angles both on 
and off the arc. For the greater distances use horizontal rather than vertical intercepts, to avoid 
refraction disturbances and to gain greater length of intercept. . 

Within the limit mentioned the length of sounding lines that can be run, radiating 
from the ship, when bearings are obtained from the ship and distances are obtained by 
observations of masthead angles is 115 times the height of the mast; and the uncer- 
tainty in distance is 4 times the height of the mast. Suppose that a launch has run 
nearly this distance, and that the boat officer, finding that the vertical angle is about 
to go below 30°, drops a buoy, and without changing course or speed, continues the 
line to the end, ceasing, however, to observe vertical angles, relying on dead reckoning 
beyond the buoy. The line finished, he turns to the next line and heads for the ship 
at the same uniform speed, until he has obtained several positions having masthead 
angles greater than 30’. 

At this point the boat officer may discontinue the line and go to the buoy to obtain 
the best possible position of it. Having obtained it and plotted it on his sheet, he has 
peuire a serviceable horizontal intercept, namely the distance from the ship to the 

uoy, to assist him in locating points on other sounding lines, distant from the ship, 
provided that they are not too near the first line. In this way, by planting tem- 

orary buoys as may be needed, a harbor of considerable size may be sounded. It 
18 Maas that locations would be improved if fixed objects, instead of buoys, were 
used. 

A better though somewhat more elaborate method consists in providing signals 
for three-point fixes over any partial area about to be sounded. Counting as one 
signal the ship, placed in irons and located on the sheet for the day’s sounding work, 
anchor two wherries in line with the ship, or better, in such positions that the curved 
line through ship and wherries shall be convex to the proposed sounding area. Locate 
the wherries by bearings and taut-wire distances from the ship, if practicable. Other- 
wise, locate the nearer wherry by bearing and masthead angle, and the second by 
bearing from the ship and cut from an anchored position of the launch, the latter 
determined by bearing from the ship and angle at the launch between the ship and 
the previously located wherry. 

The raethiods under ‘lis heading are admittedly of last resort. 


CHAPTER XVIII 
TIDES 


Definitions.—Tidal phenomena are presented to the observer under two aspects— 
as alternate elevations and depressions of the sea, and as recurrent inflows and out- 
flows of streams. The word tide, in common and general usage, is made to refer 
without distinction to both the vertical and horizontal motions of the sea, and con- 
fusion has sometimes arisen from this double application of the term; in its strict 
sense, this word may be used only with reference to the changes of elevation, while 
the recurrent streams are properly distinguished as tidal currents. 

The tide rises until it reaches a maximum height called high water or high tide, 
and then falls to a minimum level called low water or low tide; that period at high or 
low water marking the transition between the tides, during which no vertical change 
can be detected, is called stand. 

Of the tidal currents, that which arises from a movement of the water in a 
direction, generally speaking, from the sea toward the land, is called flood, and that 
arising from an opposite movement, ebb; the intermediate period between the cur- 
rents, during which there is no horizontal motion, is distinguished as slack. Set and 
drift are terms applicable to the tidal currents, the first referring to the direction 
and the second to the velocity. 

Care should be taken to avoid confusing the terms relating to tides with those 
which relate to tidal currents. 

Cause.—The cause of the tides is the periodic disturbance of the ocean from its 
position of equilibrium brought about through the periodic differences of attraction 
upon the water particles of the earth by the moon, and to lesser degree, by the sun, 
on account of their relative periodic movements. The tide-producing force of the 
moon upon a particle of unit mass on the surface of the earth is the difference between 
the moon’s attraction upon the given unit mass and the moon’s attraction upon the 
entire earth; and it is likewise with the sun, only the magnitude of the mean tide- 
producing force is in this case reduced to about two-fifths of the tide-producing force 
of the moon, because of the comparative remoteness of the sun from the earth. 

A particle which has a tide-producing body in its zenith or in its nadir experi- 
ences, as the result of the attraction of the tide-producing body, an effect only in the 
vertical direction as if the intensity of gravity were momentarily lessened; and a 
particle which has the tide-producin ee in its horizon, being then practically at 
the same distance from the adespadicinp body as the center of the earth, experi- 
ences, as the result of the attraction of the tide-producing body, an effect which is 
practically all in the vertical direction as if the intensity of gravity were momen- 
tarily increased. But when the tide-producing body is in any other situation with 
reference to an attracted particle, the attraction is partly directed in a vertical line 
toward the center of the earth and partly in a horizontal direction along the surface 
of the earth. The vertical components of the attractions of the tide-producing 
bodies can not create any sensible disturbance on the existing oceans; but the 
horizontal components of such attractions, tending to produce horizontal movements 
oscillating back and forth on the surface of the earth, are effective in the production 
of the tides, and, by acting upon portions of the oceans that are susceptible of taking 
up stationary oscillations in approximate unison with the period of the tide-producing 
forces, give rise to the dominant tides. 

The peculiarities that characterize the tides of many localities are caused by 
modifications resulting from reflections and interferences suffered by the dependent 
waves generated by the dominant tides. Theory is not yet sufficiently advanced to 
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render practicable the prediction of the tides where no observations have been made; 
but by theory, supplemented by the observation of actual tidal conditions in a given 
locality during a certain period of time, very accurate predictions of the time and 
height of the tides can be made for that locality. 

Establishment.— High and low water occur, on the average of the 29 days com- 
prising a lunar month, at about the same intervals after the transit of the moon 
over the meridian. These nearly constant intervals, expressed in hours and minutes 
are known, respectively, as the high-water lunitidal interval and low-water lunitidal 
interval. 

The interval between the moon’s meridian passage at any place and the time 
of the next succeeding high water, as observed on the days when the moon is at full 
or change, is called the vulgar (or common) establishment of that be or, sometimes, 
simply the establishment. This interval is frequently spoken of as the time of high 
water on full and change days (abbreviated ‘“H. W. F. & C.’’); for since, on such days 
the moon’s two transits (upper and lower) over the meridian occur about midnight 
and noon, the vulgar establishment then corresponds closely with the local times 
of high water. When more extended observations have been made, the average of 
all high-water lunitidal intervals for at least a lunar month is taken to obtain what 
is termed, in distinction to the vulgar establishment, the corrected establishment of 
the port, or mean high-water lunitidal interval. In defining the tidal characteristics 
of a place some authorities give the corrected establishment, and others the vulgar 
establishment, or “high water, full and change’’; computations based upon the former 
will more accurately represent average conditions, though the two intervals seldom 
differ by a large amount. 

Having determined the time of high water by applying the establishment to the 
time of moon’s transit, the navigator may obtain the time of low water with a fair 
degree of approximation by adding or subtracting 6" 13™ (one-fourth of a mean lunar — 
day); but a closer result will be given by applying to the time of transit the mean 
low-water lunitidal interval, which occupies the same relation to the time of low water 
as the mean high-water lunitidal interval, or corrected establishment, does to the 
time of high water. 

Range.—The range of the tide is the difference in height between low water and 
high water. This term is often applied to the difference existing under average con- 
ditions, and may in such a case be designated as the mean range or mean rise and 
fall to distinguish it from the spring range or neap range, which are the ranges at 
spring and neap tides, respectively. 

Spring and neap tides.— At the times of new and full moon the relative positions 
of sun and moon are such that the high water produced by one of those bodies occurs 
at the same time as that produced by the other, and so also with the low waters; 
the tides then occurring, called spring tides, have a greater range than any others 
of the lunar month, and at such times the highest high tides as well as the lowest 
low tides are experienced, the tidal range being then at its maximum. At the first 
and third quarters of the moon the positions are such that the high tide due to one 
body occurs at the time of the low tide due to the other, so that the two actions are 
opposed; this causes the neap tides, which are those of minimum range, the high 
waters being lower and the low waters higher than at other periods of the month. 

Since the horizontal motion of the water depends directly upon the rise and fall 
of the tides, it follows that the currents will be greatest at springs and least at neaps. 

The effect of the moon’s being at full or change is not felt at once in all parts of 
the world, and the greatest range of tides does not generally occur until one or two 
days thereafter; thus, on the Atlantic coast of North America, the highest tides are 
experienced one day, and on the Atlantic coast of Europe two days afterwards, 
though on the Pacific coast of North America they occur nearly at full and change. 

he nearer the moon is to the earth the stronger is its attraction, and as it is 
nearest in perigee the tides will be larger then on that account, and consequently less 
in apogee. For a like reason, the tides will be increased by the sun’s action when 
the earth is near its perihelion, about the lst of January, and decreased when near 
its aphelion, about the Ist of July. 

he height of the tides at any place may undergo modification on account of strong 
prevailing winds or abnormal barometric conditions, a wind blowing off the shore or a 
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high barometer tending to reduce the tides, and the reverse. The effect of atmos- 
pheric pressure is to create a difference of about 2 inches in the height of tide for every 
tenth of an inch of difference in the barometer. . 

Priming and lagging.—The tidal day is the variable interval, averaging 24° 50", 
between two alternate high or low waters. The amount by which corresponding 
tides grow later day by day—that is, the amount by which the tidal day exceeds 
24%—is called the daily retardation. When the sun’s tidal effect is such as to shorten 
the lunitidal intervals, thus reducing the length of the tidal day and causing the tides 
to occur earlier than usual, there is said to be a priming of the tide; when, from similar 
causes, the interval is lengthened, there is said to be a lagging. 

Types of tides.—The observed tide is not a simple wave; it is a compound of 
several elementary undulations, rising and f from the same common plane, of 
which two can be distinguished and separated by a simple grouping of the data. 

hese two waves are known as 
the semidiurnal and the diurnal 
tides, because the first, if alone, 
would give two high and two 
low waters in a day, while the 
second would give but one high 
and one low water in an equiva- 
lent period of time. In nearly 
all ports these two tides coexist, 
but the proportion between them 
varies remarkably for different 
seas. The effect of the combi- 
nation of these two types of tide 
is to produce a diurnal inequality, 
both in the height of two con- 
secutive high or low waters, and 
in the intervals of time between 
their occurrence. The height of 
the diurnal wave may be re- 
arded as reaching a maximum 
Ficure 115. ortnightly, soon after the moon 
attains its extreme declination 
and is therefore near one of the tropics. The tides that then occur are denominated 
tropic tides. 

In undertaking to investigate the tides of a port it is important to ascertain as 
early as possible the form of the tide; that is, whether it resembles the semidiurnal, 
the diurnal, or the mixed type; because not only may this information be of scientific 
value, but the knowledge thus gained at the outset will enable the observer to fix 
upon the best method of keeping the record. 

The type forms referred to are illustrated in the diagram in figure 115, where the 
waves are plotted in curves, using the times as abscisse# and the heights as ordinates. 
In this diagram, the curve traced in the full line is a tide wave of the semidiurnal type; 
that traced by the dotted line one of the diurnal; while the broken line is one of the 
mixed type, in this case the compound of the two others. 

In order to determine the type to which the tide of any port belongs, it is usually 
only necessary to make hourly observations for a day or two at the date of the moon’s 
maximum declination, and to repeat the series about a week later, when the moon 
crosses the equator. ‘Fhe reported irregularities of the rise and fall at any place 
should not deter persons from careful investigation. When analyzed, even the most 
complicated of tides are found to follow some general law. 

Tidal currents.—It should be clearly borne in mind by the navigator that the 
eriods of flood and ebb currents do not necessarily coincide with those of rising and 
alling tides, and that, paradoxical though it may seem at first thought, the inward set 

of the surface current does not always cease when the water has attained its maximum 
height, nor the outward set when a minimum height has been reached. Under some 


circumstances it may occur that stand and slack will be simultaneous, while other condi- 


tions may produce a Maximum current at stand, with a maximum rate of rise or fall at 
slack water. 
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The varying effects which will be produced according to local conditions may 
be songidered by the comparison of two tidal basins, to one of which the tide wave 
has access from the sea by a channel of ample capacity, while the other has an en- 
trance that is narrow and constricted. In the first case, the process of filling or 
emptying the basin keeps pace with the change of level in the sea and is practically 
completed as soon as the height without becomes stationary; in this case slack and 
stand occur nearly at the same time, as do flood and rise and ebb and fall. In the 
second case, the limited capacity of the entrance will not permit the basin to fill or 
empty as rapidly as the tide changes its level without; hence there is still a difference 
of level to produce a current when the vertical motion in either direction has ceased 
on the outside, and for a considerable time after motion in the reverse direction has 
been in progress; under extreme conditions it may even occur that a common level 
will not be established until mid-tide, and therefore the surface current at some 
places will ebb until 3 hours after low water and flow until 3 hours after high water. 

Localities that partake of the nature of the first case are those upon open coasts 
and wide-mouthed bights. Examples of the latter class will be found in narrow bays 
and long channels. 

Tide tables.—The most exact method of ascertaining the times of high and low 
water and other features of the tides will be by reference to the worlds tide tables and 
every navigator must provide himself with this publication. The United States Coast 
and Geodetic Survey publishes annually, in advance, tables giving, for every day in 
the year, the predicted time and height of the tides at certain principal ports of the 
world, and from these, by a simple reduction, the times and heights at a multitude of 
other ports may readily be obtained. Separate tables giving data pertaining to 
tidal currents along the coasts of the United States are also published. General 
tide tables are also published by the Governments of other maritime nations, and 
special tables are to a had for many particular localities. 


TIDAL OBSERVATIONS 


Since navigators will frequently have opportunity to observe tidal conditions, 
either in connection with a hydrographic survey or otherwise, at places where existing 
knowledge of the tides is incomplete, an understanding of the methods employed in 
tidal observations may be important. 

For the proper study of tides, frequent and continuous observations are neces- 
sary; it will not suffice to observe the heights of the high and low waters only, even 
if they present themselves as distinct phases, but the whole tidal curve for each day 
should be developed by recording the height of water at intervals, which, preferably, 
should not exceed 30 minutes. Observations, to be complete, must cover a whole 
lunar month; or, if it be impracticable to observe the tides at night, the day tides 
of 2 lunar months may be substituted. 

When made for the purposes of a hydrographic survey, the tidal observations 
are used to correct the soundings, and care must be taken to make sure that the gage 
is placed in a situation visited ee the same form of tide as that which occurs at the 
place where soundings are being made. It will not answer, for instance, to correct 
the soundings upon an inlet bar by tidal observations made within the lagoon with 
which this inlet communicates, because the range of the tide within the lagoon is less 
than upon the outside coast. A partial obstruction, like a bridge, or a natural con- 
traction of the channel section, while it may not reduce the total range of the tide 
or materially affect the time of high or low tides, will alter the relative heights above 
and below at intermediate stages, so that the hydrographer must be careful to see 
that no such obstruction intervenes between his field of work and the gage. 

Tidal currents.—Observations for tidal currents should be made with the same 
regularity as for tides; the intervals need not ordinarily be more frequent than once 
in every half hour. They should always be made at the same point or points, which 
should be far enough from shore to be representative of the conditions prevailing in 
the navigable waters. The ordinary log may be employed for measuring the cur- 
rent, but it is better to replace the chip by a pole weighted to float upright at a depth 
of about 15 feet; the line should be a very light one, and buoyed at intervals by 
cork floats to keep it from sinking; the set of the current should be noted by a com- 
pass bearing of the direction of the pole at the end of the observation. 
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Record.—The record of observations should be kept clearly and in complete 
form. It should include a description of the locality of observation, the nature of 
age and of instruments used for measuring currents, and the exact position of 
Both tidal and current stations, together with situation and height of bench mark. 
The time of making each observation should be shown, and data given for reduction 
to some standard time. In extended tidal observations the meteorological condi- 
tions should be carefully recorded, the instruments used for the observations being 
properly compared with standards. 
here are frequently remarkable facts in reference to tides and currents to 
be obtained from persons having local knowledge; these should be examined and 
recorded. The date and circumstances of the highest and lowest tides ever known 
form important items of information. 

Reference planes.—The plane of reference is the plane to which soundings 
and tidal data are referred. One of the principal objects of observing tides when 
making a survey is to furnish the means for reducing the soundings to this plane. 
Four pane of reference are used, namely, mean low water, mean low water springs, 
mean lower low waters, and the harmonic or Indian tide plane. | 

Mean low water is a plane whose depression below mean sea level corresponds 
with half the mean semidiurnal range, while the depression of mean low water springs 
corresponds with half the mean range of spring tide; mean lower low water depen 
upon the diurnal inequality in high and low water; the harmonic or Indian tide plane 
was adopted as a convenient means of expressing something of an approximation 
to the level low water of ordinary spring tides, but where there is a large diurnal 
inequality in low waters it falls considerably below the true mean of such tides. 

As these planes may differ considerably, it 1s important to ascertain which plane 
- oe is adopted before making use of any chart or considering data concerning 
the tides. 

The following planes of reference are used: | 
‘ Mean low water.—United States (Atlantic coast), Argentina, Sweden, and 

orway. 

Mean lower low water.—(Pacific coast). 

ii Mean low water springs.—Great Britain, Germany, Denmark, Italy, Brazil, and 

e. 

Lowest low water springs.— Portugal. 

Low water Indian spring.-—India and Japan. - 

Lowest low water.— France, Spain, Greece. 

The tides are subject to so many variations dependent upon the movements 
of the sun and moon, and to so many irregularities due to the action of winds and 
river outflows, that a very long series of observations would be necessary to fix any 
natural plane. In consideration of this, and keeping in view the possibilities of 
repetitions of the surveys or subsequent discoveries within the field of work, it is 
necessary to define the position of the plane of reference which has resulted from any 
series of observations. This 1s done by leveling from the tide gage to a permanent 
bench, precisely as if the neopiee plane were arbitrary. 

Bench mark.—The plinth of a lighthouse, the water table of a substantial build- 
ing, the base of a monument, and the like, sre proper benches; and when these are 
not within reach a mark may be made on a rock not likely to be moved or started 
by the frost, or, if no rock ‘naturally exists in the neighborhood, a block of stone 
buried below the reach of frost and plowshare should be the resort. When a bench 
is made on shore it should be marked by a circle of 2 or 3 inches diameter with a 
cross in the center indicating the reference point. The levelings between this point 
and the gage should be run over twice and the details recorded. A bench made 
upon a wharf or other perishable structure is of little value, but in the absence of 
permanent objects it 1s better than nothing. The marks should be cut in, if on stone, 
and if on wood, copper nails should be used. Bench marks consisting of standard 
metal disks with inscriptions indicating their purpose are now used in naval surveys 
and by the Coast and Geodetic Survey. The bench must be sketched and carefully 
described, and its location marked on the hydrographic sheet, with a statement of 
the relative position of the plane of reference. 

_ The leveling from the bench mark to the tide gage may be done, when a leveling 
instrument is not available, by measuring the difference of height of a number of inter- 
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mediate points by means of a long straight-edged board, held horizontal by the aid of 
a carpenter’s spirit level, or even a plummet square, taking care to repeat each step 
with the level inverted end for end. A line of sight to the sea horizon, when it can be 
seen from the bench across the tide staff, will afford a level line of sufficient accuracy, 
especially when observed with the telescope. It may often be convenient to combine 
these methods. 

Tide gages.—The staff gage is the simplest device for measuring the heights of 
tides, and in perfectly sheltered localities it 1s the best. It consists of a vertical staff 
graduated upward in feet and tenths, and so placed that its zero shall lie below the low- 
est tides. ‘The same gage may also be used where the surface is rough, if a glass tube 
with a float inside is secured alongside of the staff, care being taken to practically close 
the lower end of the tube so as to exclude undulations; readings may also be made by 
es the point midway between the crest and trough of the waves. 

staff gage should always be erected for careful tidal observations, even where 
other classes of page are to be employed, as it furnishes a standard for comparison 
of absolute heights, and also serves to detect any defects in the mechanical details 
upon which all other gages are to a greater or less extent dependent. 

Where there is considerable swell, and where, from the situation of the gage or 
the great range of the tide (making it inconvenient for the observer to see the figures 
in certain positions) the staff gage cannot be used, recourse must be had to the box 
gage. This gage consists of a vertical box, closed at the bottom, with a small hole in 
the lower part which admits sufficient water to keep the level within equal to the mean 
level without but which does not permit the admission of water with sufficient rapidity 
to be affected by the waves. Within the box is a copper float; in some cases this float 
carries 8 graduated vertical rod whose position with reference to a fixed point of the 
box affords a measure for the height of the water; in other gages of this class the float is 
attached to a wire or cord which passes over pulleys and terminates in 8 counterpoise, 
an index attached to the wire or cord indicating the height of the tide on a fixed scale. 
A tape gage is a form of box gage in which the float is supported by a graduated tape 
which moves over a fixed index. | 

‘A form of box gage adapted especially for use in the rough waters on shoals 
offshore consists of a white-pine pole staff, cross section 1 by 1 inch, with rounded 
edges, graduated on each of the four sides in feet and two-tenths with the zero (0) 
at the top, and set in a hollow cylindrical white-pine float 1% inches outside diameter 
and seven-eighths inch inside diameter. The float should be thoroughly covered 
with shellac and liquid paraffin. The length of the rod will depend upon the range 
of tide in the locality where it is to be used, and the length of the float should be about 
four-tenths that of the rod. The float well consists of a 2-inch iron pipe, the bottom 
of which is set in a 1,000-pound concrete block to serve as an anchor. The pipe should 
be long enough to reach above the ordinary waves at high tide, and a one-fourth 
inch hole should be drilled in the side several feet above the concrete anchor. A cap 
with a square hole for the staff is to be screwed on top of the pipe after the float 
staff has been placed inside. Just below the cap, a 2-inch flange for the attachment 
of guy wires may be screwed on the pipe, and four small sheaves, one for each guy 
wire, secured to this flange by wire loops. The top of the pipe is to be secured by 
four guy wires of No. 6 wire with leads making an angle of 60° or more with the 
vertical. The end of each guy wire is to be anchored with concrete blocks, giving a 
total weight of about 2,000 pounds to each anchor. For convenience in handling, 
each concrete block may be cast with wire-rope loops projecting. After the anchors 
have been set, the guy wires are led through the sheaves at the top of the float pipe 
and drawn taut, a fence-wire stretcher being convenient for the purpose. 

A pressure gage is an instrument for determining the tide by measuring the 
variation in the pressure at the bottom, due to the rise and fall of the water. Although 
the results are much less reliable than those obtained by a plain staff, the gage is 
serviceable in obtaining the approximate tides on shoals where the water is too deep 
to erect an ordinary tide gage. A simple form of this gage consists of a strong rubber 
bag connected with a flexible airtight tube, which aay be made in sections like garden 
hose. The upper end of the tube has a stopcock and a pressure gage. The rubber 
bag is encased 1n an iron box, which is nearly watertight so as to exclude the influence 
of short-period waves. The iron box containing the inflated bag is lowered to the 
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bottom. The rise and fall of the tide is then indicated by the changes in pressure as 
shown by the gage at the upper end of the connecting tube. Several other types of 
pressure capes have been used from time to time. 

The automatic gage.—This gage requires a box and float similar to those used for 
a box gage. The motion of the float in rising and falling with the tide is communi- 
cated to a pencil which rests upon a moving sheet of paper; uniform motion is imparted 
to the paper by the revolution of a cylinder driven by clockwork; the motion of the 
pencil due to the tide is in a direction Pe endicular to the direction of motion of the 
paper, and a curve is thus traced, of which one coordinate is time and the other 

eight. In some types of the automatic gage the record is traced upon a roll of 
paper of sufficient length to contain a month of record; in other types, single sheets 

esigned to include several days of record are changed on the gage at more or less 
frequent intervals. | 

Another type of automatic gage prints on a paper tape the date, the time, and 
the stage of the tide at short intervals. 

The automatic gage, besides giving a perfectly continuous record, has the further 
merit of requiring but little of the observer’s time. But its indications, both of time 
and heights, should be checked by occasional comparisons with the standard clock 
and the staff gage, the readings of which should be noted by hand at appropriate 
points of the graphic record. : 
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CHAPTER XIX 
OCEAN CURRENTS 


An ocean current is a progressive horizontal motion of the water occurring 
throughout a region of the ocean, as a result of which all bodies floating therein are 
carried with the stream. | 

The set of a current is the direction toward which it flows, and its drift, the veloc- 
ity of the flow. | 

Cause.—The principal cause of the surface currents is the wind. Every breeze 
sets in motion, by its friction, the surface particles of the water over which it blows; 
this motion of the upper stratum is imparted to the stratum next beneath, and thus 
the general movement is communicated, each layer of particles acting upon the one 
below it, until a current is established. The direction, depth, strength, and perma- 
nence of such a current will depend upon the direction, steadiness, and force of the 
wind; all, however, subject to modification on account of extraneous causes, such as 
the intervention of land or shoals and the meeting of conflicting currents. 

Another cause in the generation of ocean currents is the difference in density of 
the sea water in different regions, as a result of which a set is produced from the less 
dense toward the more dense, in the effort to establish equilibrium of pressure; the 
difference of density may be due to temperature, the warmer water near the equator 
being less dense than the colder water of higher latitudes: or it may be created by a 
difference in the amount of contained saline matter, resulting from evaporation, 
freezing, or other causes. A further factor that may have influence upon ocean 
currents is the difference of pressure exerted by the atmosphere upon the water in 
different regions. But neither of the last-mentioned causes may be regarded as of 
great importance when compared with the influence, direct and indirect, of the wind. 

Submarine currents.—In any scientific investigation of the circulation of ocean 
waters it is necessary to take account of the submarine currents as well as those en- 
countered upon the surface; but for the practical purposes of the navigator the surface 
currents alone are of interest. 

Determination methods.—The methods of determining the existence of a current, 
with its set and drift, may be divided into three classes; namely, (a) by observations 
from a vessel occupying a stationary position not affected by the current; (6) by com- 
eerie of the position of a vessel under way as given by observation with that given 

y dead reckoning; and (c) by the drift of objects abandoned to the current in one 
locality and reappearing in another. 

Of these methods the first named, by observations from a vessel at anchor, 
is by far the most accurate and reliable, but being possible only under special circum- 
stances is not often available. The most valuable information about ocean currents 
being that which pertains to conditions in the open sea, the great depths there existing 
ieually preclude the possibility of anchoring a vessel; vessels especially fitted for the 
purpose have at times, however, carried out current observations with excellent 
results; notable achievements in this direction are those of the survey of the Gulf 
Stream, made by the United States Navy acting under the Coast and Geodetic Sur- 
vey, during which the vessel was anchored and observations were made in positions 
where the depths reached to upward of 2,000 fathoms. 

The method of determining current from a comparison of positions obtained 
respectively by observation and by dead reckoning is the one upon which our knowl- 
edge must largely depend. This method is always subject to some inaccuracy and 
the results are frequently quite erroneous, for the so-called current 1s thus made to 
embrace not only the real se¢ and drift, but also the errors of observation and dead 
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reckoning. In the case of a modern steamer accurately steered and equipped with 

ood instruments for determining the speed through the water as well as the position 
by astronomical observations, the current may be arrived at by this method with an 
approximate degree of accuracy. It is not always possible, however, to keep an ex- 
act reckoning, and this is especially true in sailing vessels, where the conditions render 
it difficult to determine correctly the position by dead reckoning, this source of error 
may be combined with faulty instrumental determinations, giving apparent currents 
differing widely from those that really exist. 

Some knowledge regarding ocean currents has been derived from the observed 
drift of objects from one to another locality such as by bottles thrown overboard 
from vessels, also from derelicts, drifting buoys, and pieces of wreckage. The deduc- 
tions to be drawn from such drift are of a general nature only. The point of departure, 
point of arrival, and elapsed time are all that are positively known. The route 
followed and the set and drift of current at different points are not indicated, and in 
the case of objects floating otherwise than in a completely submerged condition 
account must be taken of the fact that the drift is influenced by the wind. 

Atlantic Ocean currents.—A consideration of the currents of the Atlantic most 
conveniently begins with a description of the equatorial currents. The effect of the 
northeast and southeast trade winds is to form two great drift currents, setting in a 
westerly direction across the Atlantic from Africa toward the American continent, 
whose combined width covers at times upward of 50 degrees of latitude. These are 
distinguished as the north and south equatorial currents, according as they arise from 
the trade winds of the Northern or Southern Hemisphere. 

The south equatorial current is the more extensive of the two. It has its origin 
off the continent of Africa south of the Guinea coast, and begins its flow with a velocity 
that averages about 0.6 of a knot; it maintains a general set of west, the portion 
near the equator acquiring later, however, a northerly component, while the drift 
steadily increases until, on arriving off the South American coast, a rate of 2.5 knots 
isnot uncommon. At Cape San Roque the current bifurcates, the main or equatorial 
branch flowing along the Guiana coast, while the other branch is deflected to the 
southward. 

The north equatorial current originates to the northward of the Cape Verde 
Islands and sets across the ocean in a direction that averages due west in latitude 15°, 
with a velocity of 0.7 of a knot. 

An equatorial counter current is found between the north and south equatorial 
currents, setting to the eastward under the propelling force of the southwest monsoon, 
which prevails over an elongated area of varying extent lying north of the equator 
and stretching westward from the southwestern part of the salient extension of the 
continent of Africa. The extent and strength of this current thus varies with the 
seasonal extent of the monsoon area, being a maximum in July and August, when its 
effect is apparent from longitude 50° W. to the Gulf of Guinea, while at its minimum 
in November and December, its influence is but slight and prevails for only a limited 
distance from the African coast. 

To the westward of the region of the equatorial counter current the north and 
the south equatorial currents unite. A large part of the combined stream flows into 
the Caribbean Sea through the various passages between the Windward Islands, 
takes up a course first to the westward and then to the northward and westward, 
finally arriving off the extremity of the Yucatan peninsula; from here some of the 
water follows the shore line of the Gulf of Mexico, while another portion passes 
directly toward the north coast of Cuba; by the reuniting of these two branches in 
the Straits of Florida there is formed the most remarkable of all ocean currents— 
the Gulf Stream. 

From that portion of the combined equatorial currents which fails to find entrance 
to the Caribbean Sea a current of moderate strength and volume takes its course 
along the north coasts of Porto Rico, Haiti, and Cuba, flows between the island of 
Cuba and the Bahamas, and joins the Gulf Stream off the Florida coast, thus adding 
its waters to those of the branch of the equatorial current which has arrived at the 
same point by way of the Cambbean, the Yucatan Passage, and the Gulf; and, in a 
similar manner, further accessions to the Gulf Stream are received to the northward 
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of the Bahama Islands from those portions of the circulatory drift of the North 
Atlantic Ocean which hold their course to the eastward of that group of islands. 

The Gulf Stream.—This stream which has its origin, as has been described, in 
the Straits of Florida, flows in a direction that averages true north as far as the 
parallel of 31°, then curves sharply to 68° until reaching the latitude of 32°, when a 
direction a little to the north of 45° is assumed and maintained as far as Cape 
Hatteras; at this point its axis is about 40 miles off shore, while its inner edge Is ap- 
proximately 20 miles off shore. Thus far in its flow the average position of the maxi- 
mum current is from 11 to 20 miles outside the 100-fathom curve, disregarding the 
irregularities of the latter; and the width of the stream—about 40 miles—is nearly 
uniform. From off Hatteras the stream broadens rapidly and curves more to the 
eastward, seeking deeper water; its northern limit may be stated to be 60 to 80 miles 
off Nantucket Shoals and 120 to 150 miles to the southward of Nova Scotia, in which 
latter place is has expanded to a width of about 250 miles. Farther on its identaty 
as the Gulf Stream is lost, but its general direction is preserved in a current to be 
described later. 

The water of the Gulf Stream is of a deep indigo-blue color, and its junction 
with ordinary sea water may be plainly recognized; in moderate weather the edges 
of the stream are marked by mpples; in cool regions the evaporation from its sur- 
face, due to difference of temperature between air and water, is apparent to the eye; 
the stream carries with it a quantity of weed known as “gulf weed,”’ which is farhiliar 
to all who have navigated its waters. 

In its progress from the tropics to higher latitudes the transit is so rapid that 
time is not given for more than a partial cooling of the water, and it is therefore 
found that the Gulf Stream is very much warmer than the neighboring waters of the 
seas through which it flows. This warm water is, however, divided by bands of 
markedly cooler water which extend in a direction parallel to the axis and are usually 
found near the edges of the stream of warm water. The most abrupt change from 
warm to cold water occurs on the inshore side, where the name of the cold wall has 
been given to that band which has appeared to some oceanographers to form the 
northern and western boundary of the stream. 

The investigations of Pillsbury tend to prove that the thermometer is only an 
approximate guide to the direction and velocity of the current. Though it indicates 
the limits of the stream in a general way, it must not be assumed that the greatest 
velocity of flow coincides with the highest temperature, nor that the northeasterly 
set will be lost when the thermometer shows a region of cold sea water. 

illsbury has also demonstrated that in the vicinity of the land there is a marked 
‘ variation in the velocity of current at different hours of the day, which may amount 
to upward of 2 knots, and which is due to the elevation and depression of the sea as a 
result of tidal influences, the maximum current being encountered at a period which 
averages about 3 hours after the moon’s trafsit. Another effect noted is that at 
those times when the moon is near the equator the current presents a narrow front 
with very high velocity in the axis of maximum strength, while at periods of great 
northerly or southerly declination the front broadens, the current decreasing at the 
axis and increasing at the edges. These tidal effects are not observed in the open sea. 

The velocity of the Gulf Stream varies with the seasons, following the variation 
in the intensity of the trade winds, to which it largely owes it origin. The drift of 
the current under average conditions may be stated as follows: 

Between Key West and Habana: Mean surface velocity in axis of maximum 
current, 2.2 knots; allowance to be made by a vessel crossing the entire width of the 
stream, 1.1 knots. 

; e Fowey Rocks: Mean surface velocity in axis, 3.5 knots; allowance in crossing, 
2 knots. 

Off Cape Hatteras: Mean surface velocity in axis, upward of 2 knots; allowance 
in crossing the stream, 1.5 knots between the 100-fathom curve and a point 40 miles 
outside that curve. 

After passing beyond the longitude of the easternmost portions of North 
America, it is generally regarded that the Gulf Stream, as such, ceases to exist; but 
by reason of the prevalence of westerly winds the direction of the set toward Europe 
is continued until the continental shores are approached, when the current divides, 
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one branch going to the northeastward and entering the Arctic regions and the 
other running off toward the south and east in the direction of the African coast. 
These currents have received, respectively, the designations of the Easterly, Northeast, 
and Southeast Drift Currents. 

The effect of the Southeast Drift Current 1s to create a general circulation of 
the surface waters of the North Atlantic, in a direction coinciding with that of the 
hands of a watch, about the periphery of a huge ellipse, whose limits of latitude may 
be considered as 20° N. and 40° N., and which is bounded in longitude by the eastern 
and western continents. The central space thus inclosed, in hich no well-marked 
currents are observed, and in the waters of which great quantities of the Sargasso 
or gulf weed are encountered, 1s known as the Sargasso Sea. 

The Southeast Drift Current carries its waters to the northwest coast of Africa, 
whence they follow the general trend of the land from Cape Spartel to Cape Verde. 
From this point a large part of the current is deflected to the eastward close along 
the upper Guinea coast. The stream thus formed, greatly augmented at certain 
seasons by the prevailing monsoom and by the waters carried eastward with the 
Equatorial Counter Current, is called the Guinea Current. A remarkable character- 
istic of this current is the fact that its southern limit is only slightly removed from © 
the northern edge of the west-moving Equatorial Current, the effect being that the 
two_currents flow side by side in close proximity, but in diametrically opposite 
directions. 

The Arctic or Labrador Current. This current sets out of Davis Strait, flows south- 
ward down the coasts of Labrador and Newfoundland, passing along the eastern shoulder 
of the Grand Bank to its southern confines and to a variable extent beyond, according 
to the season, into the region between the parallels of 41° and 42° of latitudes where, 
upon encountering the Gulf Stream drift, it turns to the eastward, acquiring a move- 
ment parallel with the direction of progress of the Gulf Stream waters toward the 
northward and eastward. It brings with it the ice so frequently met at certain 
seasons off Newfoundland. | 

Rennells Current was formerly represented as a temporary but extensive stream 
setting at times from the Bay of Biscay toward the west and northwest across the 
English Channel and to the westward of Cape Clear. The most recent investiga- 
tions fail to reveal such a feature, but disclose only a narrow current of reaction 
moving northward along the coast of France when the winds have forced the waters 
above the usual level at the head of the Gulf of Gascoyne. 

Of the two branches of the South Equatorial Current which are formed by its 
bifurcation off Cape San Roque, the northern one, setting along the coasts of 
northeastern Brazil and of Guiana and contributing to the formation of the Gulf 
Stream, has been described; the other, known as the Brazil Current, flows to south and 
west, along the southeastern coast of Brazil, as far as the neighborhood of the island 
of Trinidad; here it divides, one part continuing down the coast and having some 
slight influence as far as the latitude of 45° S., and the other curving around toward 
east. 

The last-mentioned branch of the Brazil Current is called the Southern Connecting 
Current and flows toward the African coast in about the latitude of Tristan da Cunha. 
It then joins its waters with those of the general northerly current that sets out of the 
Antarctic region, forming a current which flows to the northward along the southwest 
African coast and eventually connects with the Southern Bquatenak Current, thus 
completing the surface circulation of the South Atlantic. 

There is another current whose effects are felt in the Atlantic. It originates in 
the Pacific and flows around Cape Horn, and will be described in connection with the 
currents of the Pacific Ocean. 

Pacific Ocean currents.—<As in the Atlantic, the waters of the Pacific Ocean, 
in the region between the tropics, have a general dnft toward the westward, due to 
the effect of the trade winds, the currents produced in the two hemispheres being 
denominated, respectively, the North and the South Equatorial Currents. These are 
separated, as also in the case of the Atlantic, by an east-setting stream, about 300 
miles wide, whose mean position is a few degrees north of the equator, and which 
receives the name of the Equatorial Counter Current. 
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The major portion of the North Equatorial Current, after having passed the 
Marianas, flows toward the eastern coast of Taiwan in a 292° direction, whence it is 
deflected northward, forming 8 current which is sometimes called the Japan Stream, 
but which more frequently receives its Japanese name of Kuroshiwo, or “black 
stream.”? This current, the waters of which are dark in color and contain a variety 
of seaweed similar to “gulf weed,’’ carries the warm tropical water at a rapid rate 
to the northward and eastward along the coasts of Asia and its off-lying islands, 
presenting many analogies to the Gulf Stream of the Atlantic. 

The limits and volume of the Kuroshiwo vary according to the monsoon, being 
augmented during the season of southwesterly winds and diminished during the prev- 
alence of those from northeast. The current sets to the north along the east coast 
of Taiwan (Formosa), and in about latitude 26° N. changes its course to northeast, 
arriving at the extreme southwestern point of Japan by a route to westward of the 
Sakishima and Nansei Shoto. A branch makes off from the main stream to fol- 
low northward along the west coast of Japan, entering the Sea of Japan by the Tsu- 
shima Kaikyo; but the principal current bends toward the east, flows through 
Osumi Kaikyo and the passages between the Tokara Gunto, and runs parallel to the 

eneral trend of the south shores of the Japanese islands of Kiushu, Shikoku, and 

onshu, attaining its greatest velocity between Bungo Suido and Kui Suido, where 
its average drift is between 2 and 3 knots. Continuing beyond the southeastern 
extremity of Honshu, the direction of the stream becomes somewhat more northerly, 
and its width increases, with consequent loss of velocity. In the Kuroshiwo, as in 
the Gulf Stream, the temperature of the sea water 1s an approximate, though not an 
exact, guide as to the existence of the current. | 

Near longitude 146° or 147° E. and north of the 40° parallel the Kuroshiwo 
divides into two parts. One of these, called the Kamchatka Current, flows to the 
northeast in the direction of the Aleutian Islands, and its influence is felt to a high 
latitude. The second branch continues as the main stream, and maintains a general 
easterly direction to the 180° meridian, where it is merged into the north and northeast 
drift currents which are generally encountered in this region. 

A cold countercurrent to the Kamchatka Current sets out of Bering Sea and 
flows to the south and west close to the shores of the Kuril Islands, Hokushu and 
Honshu, sometimes, like the Labrador Current in the Atlantic, bringing with it 
quantities of Arctic ice. This is often called by its Japanese name of Oyashiwo. 

On the Pacific coast of North America, from about latitude 50° N. to the mouth 
of the Gulf of California, latitude 23° N., a cold current, 200 or 300 miles wide, called 
the California Current, flows with a mean speed of .8 knot, being generally stronger near 
the land than atsea. It follows the trend of the land in a 158° direction as far as Point 
Conception (south of Monterey), when it begins to bend toward a 202° direction, 
and then to a 248° direction, off Capes San Blas and San Lucas, ultimately joining 
the great North Equatorial Current. 

On the coast of Mexico, from Cape Corrientes (lat. 20° N.) to Cape Blanco (Gulf 
of Nicoya), there are alternate currents extending over a space of more than 300 
miles in width, which appear to be produced by the prevailmg winds. During the 
dry season—January, anne and March—the currents generally set toward 
southeast; during ie rainy season—from May to October—especially in July, 
August, and September, the currents set to northwest, araculedly from Cosas 
Island and the Gulf of Nicoya to the parallel of 15°. 

The South Equatorial Current prevails between limits of approximate latitude 4° 
N. and 10° S., in a broad region extending from the American continent almost to 
the 180° meridian, setting always to the west and with slowly increasing velocity. 
In the neighborhood of the Fiji Islands this current divides; one part, known as the 
Rossel Current, continues to the westward, following a route marked by the various 
passages between the islands, and later acquiring a northerly component and setting 
through Torres Strait and along the north coast of New Guinea; the other part, called 
the Australia Current, sets toward south and west, arriving off the east coast of Aus- 
tralia, along which it flows southward to about latitude 35° S., whence it bends toward 
southeast and east and is soon after lost in the currents due to the prevailing wind. 

The general drift current that sets to the north out of the Antarctic regions is de- 
flected until, upon gaining the regions to the southwest of Patagonia, it has acquired 
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a nearly easterly set; in striking the shores of the South American continent it is 
divided into two branches. 

Thefirst, known as the Cape Horn Current, maintains the general easterly direction, 
and its influence is felt, where not modified by winds and tidal currents, throughout 
the vicinity of Cape Horn, and, in the Atlantic Ocean, off the Falkland Islands and 
eastern Patagonia. 

The second branch flows northeast in the direction of Valdivia and Valparaiso, 
follows tinal and the direction of the coast lines of Chile and Peru (though at times 
setting directly toward the shore in such manner as to constitute a great danger to 
the navigator) and forms the important current which has been called variously the 
Peruvian, Chilean, or Humboldt Current. The principal characteristic of the 
Peruvian Current is its relatively low temperature. The direction of the. waters 
between Pisco and Payta is between north and northwest; near Cape Blanco the 
current leaves the coast of America and bears toward the Galapagos Islands, passin 
on both the northern and southern sides; here it sets toward 292° and 270°; cad 
the meridian of the Galapagos it widens rapidly, and the current is lost in the equatorial 
current, near Long. 108° W. As often happens in similar cases, the existence of a 
countercurrent has been proved on different occasions; this sets toward the south, is 
very regular, and extends only a little distance from shore. 

Indian Ocean currents.—In this ocean the currents to the north of the equator are 
very nile epee the periodical winds, the alternating breezes, and the changes of mon- 
soon produce currents of a variable nature, their direction depending upon that of the 
wind which produces them, and upon the form of neighboring coasts. 

There is, in the Indian Ocean south of the equator, a regular Equatorial Current 
which, by reason of owing its source to the southeast trade winds, corresponds with 
the South Equatorial Currents of the Atlantic and Pacific. The limits of this west- 
moving current vary with the longitude as well as with the season. Upon reaching 
about the meridian of Rodriguez Island (63° E.), a branch makes off toward the south 
and west, flowing past Mauritius, then to the south of Madagascar (on the meridian 
of which it is 480 miles broad), and thereafter, rapidly diminishing its breadth, forming 
part of the Agulhas Current a little to the south of Port Natal. 

The main equatorial current continues westward until passing the north end of 
Madagascar, where encountering the obstruction presented by the African continent, 
it divides, one branch following the coast in a northerly the other in a southerly direc- 
tion. The former, in the season of the southwest monsoon, is merged into the general 
easterly and northeasterly drift that prevails throughout the ocean from the northern 
limit of the Equatorial Current on the south, as far as India and the adjacent Asiatic 
shores on the north; but during the northeast monsoon, when there exists in the north- 
ern regions of the Indian Ocean, a westerly drift current analogous to the North 
Equatorial Currents produced in the Atlantic and Pacific by the northeast trades, 
there is formed an east-setting Equatorial Counter Current, which occupies & narrow 
area near the equator and is made up of the waters accumulated at the western conti- 
nental boundary of the ocean by the drift currents of both hemispheres. 

The southern branch of the Equatorial Current flows to the south and west down 
the Mozambique Channel, and, being joined in the neighborhood of Port Natal by the 
stream which arrives from the open ocean, there is formed the warm Agulhas Current, 
which possesses many of the characteristics of the Gulf and Japan streams. This 
current skirts the east coast of South Africa and attains considerable velocity over 
that part between Port Natal and Algoa Bay. During the summer months its effects 
are felt farther to the westward; during the winter it diminishes in force and extent. 
The meeting of the Agulhas Current with the cold water of higher latitudes is fre- 
quently denoted by a broken and confused sea. 

Upon arriving at the southern side of the Agulhas Bank the major part of the 
current is deflected to the south, and then curves toward east, flowing back into the 
Indian Ocean with diminished strength and temperature on about the parallel of 
latitude 40° S., where its influence is felt as far as the 80° meridian. A small part of 
the stream which reaches Agulhas Bank continues across the southern edge of that 
bank before turning to the southward and eastward to rejoin the major part. 

Along the parallel of latitude 40°S. between Africa and Australia, there is a general 
easterly set, due to the branch of the Agulhas Current already described, to the con- 
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tinuation of the drift current from the Atlantic which passes to southward of the Cape 
of Good Hope, and to the westerly winds which largely prevail in this region. At 
Cape Leeuwin, the southwestern extremity of Australia, this east-setting current is 
divided into two branches; one, going north along the west coast of Australia, blends 
with the Equatorial Current nearly in the latitude of the Tropic of Capricorn; the other 
preserves the direction of the original current and has the effect of producing an east- 
erly set along the south coast of Australia. 

Asin the other oceans, a general northerly current is observed to set into the Indian 
Ocean from the Antarctic regions. 

Seasonal changes.—In all oceans the currents are subject to seasonal changes, due 
to freezing and pe une evaporation and rainfall, and seasonal variations of insolation 
and atmospheric circulation. 


CHAPTER XX 
OCEAN WAVES 


Waves arise from causes such as: the wind over the sea, the tide producing forces 
of the sun and moon, and the activity of submarine volcanoes and earthquakes. 
Each cause produces a different type of wave. 

The most common type in the open sea is the wave caused by the wind. Wind 
does not blow at a constant velocity but always in irregular gusts, and these gusts 
subject the ocean surface to irregular unequal pressures which deform it from a level 
qurtice into one of troughs and crests. The size of ocean waves depend upon the 
strength of the wind, its duration, and the extent of open waters over which it blows. 
From observation it is found that the length of waves are increased when the length 
of fetch, or the length of the sheet of water to windward, is increased, and the wave 
raising power of the wind is greater when acting upon water already in waves than 
upon approximately smooth water. The energy of a wave, and consequently its 
destructive force, depends upon its length, height, and velocity. 

The length of a wave is the horizontal distance from trough to trough, or from 
crest to crest. 

The height of a wave is the vertical distance measured from the bottom of the 
trough to the top of the crest. 

he period of a wave is the time interval in seconds between the passage of two 
successive crests past a fixed point. 

The velocity of a wave is the rate at which its crest moves forward, or the velocity 
equals the length divided by the period. An approximate velocity jn foot-seconds is 
equal to the square root of the length times 5.12, thus for a wave having a length of 
400 feet, the velocity is +/5.12X400=45 feet per second, or about 26 knots. By 
another form of approximation, the velocity in knots very nearly equals three times 
the period in seconds. , 

When a wave is first formed in the open sea it is short and steep, but continual 
wind increases the length and height and decreases the period. This action causes 
the undulations to advance, and increase in size until the limit of the wave height for 
the given velocity is reached, provided that the fetch and depth of water body are 
sufficiently great. The increase in the size of the wave is not simply proportional 
to the duration. At first the increase is rapid and then it proceeds more slowly. 
With strong winds the limiting height of the wave has been found to be 1.5 times the 
square root of the fetch in nautical miles, but 50 feet has been found to be the ultimate 
limit found in deep water in the open sea. However two high waves intersecting, or 
a high wave breaking along a coastline, may thrust a peak much higher than 50 feet. 

In the trade wind belt the maximum height of wave for a given strength of wind 
is soon reached and although the wind may continue steadily with the same force 
for days there is no increase in the size of the waves. In general, the velocity of the 
wind in statute miles an hour, divided by 2.05, gives the height of the wave in feet. 
The longest wave recorded is one 2,600 feet in length with a period of 23 seconds. The 
longest waves ever encountered in the South Pacific were of lengths varying from 600 
to 1,000 feet with periods from 11 to 14 seconds. Waves 500 to 600 feet in length 
are sometimes met with in the Atlantic but generally they are from 150 to 300 feet 
with periods from 6 to 8 seconds. 

In all types of waves, the wave form moves away over the surface of the water, 
while the individual water particles move but a comparatively short distance. In 
typical waves of oscillation in deep water each water particle moves through a circular 
obit the particle moves forward on the crest of the wave, down on the back, back- 
ward in the trough, and upward on the wave front. In deep water, waves have no 
motion of translation. The theoretical form of these waves are profiles of trochoidal 
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curves, or the curves which would be described by points within a circle which is 
rolling along the under side of a straight line. If the sea is disturbed by waves having 
wu height of 20 feet and a length of 400 feet the water particles at the surface move in 
circles, having a diameter of 20 feet. The disturbance set up by the wave motion 
extends for some distance below the surface but the size of the or its, through which 
the water particles move, decreases rapidly with increase in depth and the trochoid 
becomes flatter and flatter. At a depth equal to one wave length, it is less than a 
five hundredth part of what it was at the surface, so that water at that depth may be 
considered undisturbed and the motion associated with the largest ocean waves is 
ga) aac at even modest depths. 

aves from deep water are modified as they get into shoal water. When the 
depth is reduced to less than one-half the wave length the orbit of the particles com- 
mence to become flat. The period of the wave remains unchanged, but the length 
and speed are increased. The wave becomes higher and shorter, the crest arches 
forward and finding itself unsupported by sufficient water on the front, dashes down- 
ward with a roar producing a wave broken into surf. An individual breaking wave 
is called a breaker. 

As soon as waves arise in the sea they are propagated very many miles from the 
place from which they originate. As the waves move beyond the wind swept region 
they become gradually lessened in height and give rise to the gentle undulation known 
as the swell or ground swell. The term swell is also used to denote the gradual 
dying down of waves that the winds in the immediate locality had previously set up. 
In the open sea, the swell is not a very prominent feature; along exposed coasts, how- 
ever, it frequently assumes very considerable importance in connection with shipping. 
Ports along the coast of Portugal and Northern Africa have been at times completely 
roe as a result of swells from storms off the coust of Ireland, a thousand miles 

istant. 

A submarine earthquake may produce several tvpes of waves. First the short 
and quick oscillations, which travel toward the surface with the velocity of sound in 
water, ue any overlying vessel to feel a sharp and violent shock lke the ship 
. striking a reef. Such shocks may be so severe as to hurl the vessel out of the water. 
Other groups of waves are produced by the dislocation of the sea bottom. The up- 
lifted portion of the sea bottom raises a mound of water above the general surface of 
the sea and the settling back of this water generates a great wave of translation which 
traverses the ocean with a high velocity. Sometimes several such waves are produced. 
The behavior of many earthquake waves upon reaching the coast suggest that they 
partake of the character of oscillatory waves, the water particles moving backward in a 
sort of great trough toward the oncoming wave crest. 

In submarine volcanic explosions, there is produced a sharp and powerful shock 
corresponding to earthquake effect, small jets of water may be shot into the air but 
there soon follows a doming or upswelling of the ocean surface and finally the whole 
mass of upraised water may be hurled into the air by the escaping gases. The back 
falling mass of water will tend to produce waves, some being waves of translation, 
some of oscillation, and some compound waves. 

On the open sea the height of earthquake and explosion waves quickly diminish 
and since the lengths are very great, they soon become so low and flat as to be un- 
noticed by vessels. But when they enter shallow water, they act like other waves, 
the height increasing until the wave form breaks to produce a gigantic surf. The 
velocity of these waves is great as they may travel 10,000 miles in 24 hours. An 
instance is recorded in which a velocity of 900 miles an hour was attained. Their 
periods range from 15 minutes to 1 or 2 hours. Heights attained by an earthquake 
wave when it reaches the coast may be as much as 50 feet. In 1868, an earthquake 
on the coast of Peru resulted in large waves, one of which submerged the mainland 
55 feet above high water. A United States war vessel was carried a quarter of a mile 
inland at Arica, where it remained until another great wave carried it farther inland in 
1877. This last was the wave caused by the Iquique earthquake which was reported 
of a wave height of 25 to 80 feet. 


CHAPTER XXI 
WINDS 


Wind is air in approximately horizontal motion. Observations of the wind 
should include its true direction, and its force or velocity. The direction of the wind 
is designated by the point of the compass from which it proceeds. The force of the 
wind is at sea ordinarily expressed in terms of the Beaufort scale, each degree of this 
scale corresponding to a certain velocity in nautical or statute miles per hour, as ex- 
ea in chapter II, or it may also be expressed directly in nautical or statute miles 

er hour. 
The cause of wind.— Winds are produced by differences of atmospheric pressure, 
which are for the most part primarily attributable to differences of temperature. 

To understand how the air can be set in motion by these differences of pressure, 
it is necessary to have a clear conception of the nature of air itself. 

The atmosphere which completely envelops the earth may be considered a sea 
of air at the bottom of which we live. It extends upward to a considerable height, 
the density constantly diminishing as the altitude increases, but being still appreciable 
at 150 to 200 miles or more. 

The air is a mixture of transparent gases which, like all gases, is elastic and 
highly compressible. Although extremely light, it has a definite weight which can 
be measured. A cubic foot of air at ordinary pressure and temperature weighs 1.22 
ounces, or about one seven hundred and seventieth part of the weight of an equal 
volume of water. In sen beeen of this weight the air exerts a certain pressure 
upon the surface of the earth, amounting on the average to 15 pounds per square 
inch. To accurately measure this pressure, which is constantly undergoing slight 
changes, a mercurial barometer is used (ch. II). This is an instrument in which the 
weight of a column of mercury is balanced against the weight of the outside air pressing 
against the column at one end. The height of the column of merc which the 
weight of the air will support at any particular time and place is called the atmos- 
pheric or barometric pressure at that time and place. Instead of saying that the 
pressure of the atmosphere is a certain number of pounds per square inch, it 1s custom- 
ary to say that it is a certain number of inches of mercury, meaning that a column of 
air of given cross section extending from the barometer to the upper limit of the atmos- 

here supports a column of mercury of the same cross section and the stated num- 
bar of inches in height. 

When air that is not confined is heated, it increases in volume. When cooled, 
its volume is diminished. Suppose now that the atmosphere over any considerable 
region of the earth’s surface is maintained at a higher temperature than that of the 
air surrounding it. The warmed air will expand and the increase in volume will 
result in a flow outwards at higher altitudes toward places where the air at the surface 
is cooler. Since this overflow of air at high altitudes relieves the regions underneath 
of some of the weight of air pressing down upon them, the pressure in these regions 
is diminished, and the reading of the barometer decreases. On the other hand, 
the regions which are cooler at the surface and toward which the overflow of air 
has taken place now have more air pressing down upon them. Consequently, in 
these cooler regions the barometer rises. As the result of this difference of pressure 
between the warm and the cool regions there will tend to be a movement of surface 
air away from the region of high pressure and toward the region of low. 

If the temperature of the atmosphere at any given altitude were everywhere the 
same, there would be no tendency for the air to move from one place to another. It 
would lie at rest on the earth’s surface—sluggish, torpid, and oppressive. There 
would be no winds. This fortunately is not the case. The air over certain regions 
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of the earth is continually warmer than the air over other regions due to one cause 
or another. Over certain parte of the earth the air is periodically warmer than the 
air over other parts because the changing declination of the sun results in the seasons, 
summer and winter. There are other temperature differences which arise as some 
regions absorb more heat from the sun during the day or lose more heat by radiation 
at night than do other regions. ‘These various temperature differences give rise to 
barometric pressure differences, which lead to a flow of the air. The wind circula- 
tions which actually result, however, are profoundly influenced by effects of the rota- 
tion of the earth and by other factors; and in general the winds do not blow directly 
and steed ty from colder to warmer regions. As is to be expected, the periodical vari- 
ations in the distribution of temperature, repeated season by season, give rise to 
similar periodical variations in the distribution of pressure. 

Normal Distribution of Pressure.—The winds, while due primarily to differences 
of temperature, stand in more apparent relation to differences of pressure, and it is 
from this point of view that they are ordinarily studied. 

Since the winds and weather over any region are closely related to the distribu-. 
tion of atmospheric pressure over that region, a study of pressure distribution gives 
an insight into the weather conditions which prevail. Consequently, most countries 
issue daily charts that show the pressure distribution on that particular day; and 
charts have been prepared for nearly all regions of the globe s doko’ the average 
reading of the barometer for certain common periods, such as the month, the season, 
and the year. On such a chart all points which have the same reading of the barom- 
eter are joined by a line called an isobar. The charts are known as isobaric charts. 
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Fiavur& 116.—Isobaric chart for the year. 


The isobaric chart for the year (fig. 116) reveals several important characteris- 
tics. First, along the equator there is a belt of relatively low pressure encircli 
the globe with barometer reading 29.90 inches. This belt contains two well-defin 
minima, reading 29.80 inches, one over the region of the East Indies, the other over 
India, Arabia, and the Sudan. Second, on either side of this belt of low pressure is 
a belt of high pressure. That in the Northern Hemisphere lies mostly between lati- 
tudes 30° N. and 40° N. with three well-defined centers of maximum pressure, one 
over the eastern Pacific reading 30.20 ‘inches, the second over the Azores readi 
30.10 inches, and the third over Siberia reading 30.10 inches. The belt of high 
pressure in the Southern Hemisphere roughly follows parallel 30° S. It also has 
three centers of maximum pressure, one in the eastern Pacific, the second in the 
eastern Atlantic, and the third in the Indian Ocean. A third characteristic to be 
noted from the isobaric chart for the year is that beyond the belt of high pressure 
in either hemisphere the pressure diminishes toward the pole. In the Southern 
Hemisphere the decrease in pressure toward the pole is regular and very marked. 
The pressure decreases from an average somewhat above 30.00 inches along latitude 
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30° S. to an average about 29.30 inches along latitude 60° S. In the Northern Hem- 
isphere, however, the decrease in pressure toward the pole is less regular and not so 
great. Two centers of low pressure reading approximately 29.70 inches are well 
defined, one over the North Pacific near the Aleutian Islands, the other over the 
North Atlantic near Iceland. North of these centers the pressure increases again. 

While the pressure belts which stand out on the isobaric chart (fig. 116) represent 
average pressure distribution for the year, these belts are rarely continuous on any 
pen day. They are usually broken up into detached areas of high or low pressure 

y secondary circulations of the atmosphere. (See Cyclonic storms, ch. XXII.) 

Seasonal variations of pressure.—As might be expected from its ciose relation to 
the temperature, the system of general pressure distribution exhibits a tendency to 
follow the sun’s motion in declination, the barometric equator occupying in July a 
position slightly to the northward of its position in January. In either hemisphere, 
moreover, the pressure over the land during the winter season is decidedly above the 
annual average, during the summer season decidedly below it; the extreme varia- 
. tions occurring in the case of continental Asia, where the mean monthly pressure 
ranges from about 30.50 inches during January to about 29.50 inches during July. 
Over the northern ocean, on the other hand, conditions are reversed, the summer 
pressures being here somewhat the higher. Thus, in January the Icelandic and the 
Aleutian Islands minima intensify to a depth of about 29.50 inches, while in July 
these minima fill up and are almost obliterated. This characteristic is associated 
with the gales which are frequent and violent over the higher northern latitudes in 
winter time and comparatively rare in summer. The reason for the seasonal 
reversal of relative pressure over adjacent continents and oceans is to be found in 
the fact that in summer a land area is on the average warmer than an adjacent 
ocean area, while in winter the ocean is usually warmer than the land. Over the 
southern oceans, however, similar seasonal variations in pressure do not occur to 
any great degree. This is in keeping with the fact that there are no vast land areas 
in southern latitudes to build up large seasonal temperature contrasts with the 
water. The fact 1s further reflected in the slight contrast between summer and 
winter temperatures. 

The prevailing winds.— As a result of the belts of high pressure, there is in either 
hemisphere a motion of the surface air away from the regions of latitude 30° or 35°. 
In lower latitudes the motion is generally toward the equator. In higher latitudes 
the motion is toward the pole. The air moving from either side toward the equator 
constitutes the two trade winds—the Northeast Trade in the Northern Hemisphere 
and the Southeast Trade in the Southern Hemisphere. The air moving toward the 

ole in either hemisphere constitutes the prevailing winds of the regions of higher 
atitude. 

Upon a stationary earth the direction of this motion of air would be from the 
region of high toward the region of low barometer. It would follow closely the 
barometric gradient, as the pressure ‘“‘slope’’ is called, increasing in force to a gale 
where the gradient is steep,-decreasing to a light breeze where the gradient is weak, 
and sinking to a calm where there is no gradient. The earth, however, is in rapid 
rotation, and this rotation exerts an influence on all horizontal motions upon its 
surface, whatever their direction, tending to divert them to the right in the Northern 
Hemisphere and to the /eff in the Southern Hemisphere. The air set in motion by 
the difference of pressure is thus constantly turned aside from its natural course 
down the barometric gradient, and the direction of the wind at any point, instead 
of being identical with that of the gradient at that point tends to be at right angles 
to the gradient although because of friction the wind at the surface of the earth 
crosses the gradient at a varying angle which 1s usually between 45° and 90°. Here 
it should be noted that when the wind is deflected 90° from the barometric gradient, 
it blows parallel to the isobars. As a result of the earth’s rotation, therefore, the 
northerly winds which one would naturally expect to find on the equatorial side of 
the belt of high pressure in the northern hemisphere become northeasterly—the 
Northeast Trades. The southerly winds on the polar side become southwesterly— 
the prevailing westerly winds of northern latitudes. Similarly, in the Southern 
Hemisphere the southerly winds blowing from the belt of a pressure toward the 
equator become southeasterly—the Southeast Trades; and the northerly winds 
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blowing toward the South Pole become northwesterly—the prevailing westerly winds 
of southern latitudes. 

The relation here described as existing between the distribution of atmospheric 
pee and the direction of the wind is of the greatest importance. It may be 

riefly stated as follows: 

_ In the Northern Hemisphere stand with the face to the wind; in this position the 
region of high barometer lies on your left hand and somewhat in front of you; the 
region of low barometer on your nght hand and somewhat behind you. 

In the Southern Hemisphere stand with the face to the wind; in this position 
the region of high barometer lies on your right hand and somewhat in front of you; 
the ron of low barometer on your left hand and somewhat behind you. 

This relation holds, not only in the case of the general distribution of pressure 
and circulation of the atmosphere, but also in the case of the special conditions of high 
and low pressure which usually accompany severe gales. 

The trade winds.—The trade winds blow from the belts of high pressure toward 
the equatorial belt of low pressure—in the Northern Hemisphere from the northeast, 
in the Southern Hemisphere from the southeast. Over the eastern half of each of 
the great oceans they extend considerably farther from the equator and their original 
direction inclines more toward the meridian than in midocean, where the direction is 
more from the east. The trade winds are ordinarily looked upon as the most constant 
of winds for they sometimes blow for days or even weeks with slight variation in direc- 
tion or strength. However, their uniformity should not be exaggerated. There are 
times when the trade winds weaken or shift. There are regions where their steady 
course is deformed, notably among the island groups of the South Pacific, where the 
trades during January cau February are practically nonexistent. They attain their 
highest development in the South Atlantic and in the South Indian Ocean. They 
are everywhere fresher during the winter than during the summer season. The 
regions of the trade winds are not often invaded by cyclonic storms. The majority 
of cyclonic disturbances that do occur within these regions are of the typhoon or 
hurricane type. They are mostly confined in point of time to the late summer and 
autumn months of the respective hemispheres, and in scene of action to the western 
portion of the several oceans. The South Atlantic Ocean alone enjoys complete 
immunity from tropical cyclonic storms. 

The doldrums.—The equatorial girdle of low pressure occupies a position 
between the high-pressure belt of the Northern and the similar belt of the Southern 
Hemisphere. Phroughout the extent of this barometric trough the pressure, save 
for the slight diurnal oscillation, 1s practically uniform, and decided barometric 
gradients do not exist. Here, accordingly, the winds sink to stagnation, or rise at 
most only in fitful breezes, coming first from one point of the compass, then from 
another. The air is hot and sultry. The sky is often overcast and showers and 
thunderstorms are frequent. The region throughout which these conditions prevail 
consists of a wedge-shaped area, the base of the wedge resting in the case of the 
Atlantic Ocean on the coast of Africa and in the case of the Pacific Ocean on the 
coast of America, the axis extending westward. The position and extent of the belt 
vary somewhat with the season. Throughout February and March it is found imme- 
diately north of the equator and is of inappreciable width, vessels following the usual 
sailing routes frequently passing from trade to trade without interruption in both the 
Atlantic and' the Pacific Oceans. In J wy and August it has migrated to the north- 
ward, the axis extending east and west along the parallel of 7° N., and the belt itself 
covering several degrees of latitude, even at its narrowest point. At this season of 
the year, also, the Southeast Trades blow with diminished freshness across the 
equator and well into the Northern Hemisphere, where they are diverted by the 
effect of the earth’s rotation into southerly and southwesterly winds. The so-called 
southwest monsoons of the African and Central American coasts arise partly from 
this diversion of the Southeast Trades. 

The horse latitudes.—On the outer margin of the trades, corresponding vaguely 
with the belt of high pressure in either hemisphere, is a second region throughout 
which the barometric gradients are faint and undecided and the winds correspondingly 
light and variable. These regions of light and variable winds where the pressure is 
relatively high are the so-called horse latitudes, or calms of Cancer and of Capricorn. 
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Unlike the doldrums, however, the weather here is clear and fresh, and the periods 
of stagnation are intermittent rather than continuous, showing none of the persistency 
which is so characteristic of the equatorial regions. The explanation of this differ- 
ence is to be found in the fact that over the equatorial belt of calms the humid sur- 
face air becomes heated which causes it to expand and rise. Cooling accompanies 
this process and results in the condensation of water vapor as cloud and rain. 

the horse latitudes, on the other hand, there are no general rising currents of air to 
result in condensation of water vapor. It is generally inferred that the air in the 
horse latitudes is descending for its humidity is remarkably low. | 

The prevailing westerly winds.—On the polar side of the high-pressure belt 
in either hemisphere the barometric pressure again diminishes. The currents of air 
set in motion along these gradients toward the pole, diverted by the earth’s rotation 
to the right of their initial course in the Northern Hemisphere, appear as southwesterly 
winds; in the Southern Hemisphere, diverted to the left, the poleward currents appear 
as northwesterly winds. These two wind systems are the prevailing westerlies of 
the temperate zones. 

Only in the Southern Hemisphere do these winds exhibit a persistency approach- 
ing that of the trade winds. Their course in the Northern Hemisphere is subject to 
frequent interruption by secondary wind circulations. The tabulated results tor the 
portion of the North Atlantic included between the parallels 40° and 50° N., and 
the meridians 10° W. and 50° W.., show that winds from the western semicircle (south 
to north-northwest) comprise about 74 percent of the whole number of observations, 
their relative frequency being somewhat higher in winter than in summer. The 
average force of these winds decreases from force 6 (Beaufort scale) in winter to 
force 4in summer. In the Southern Hemisphere, on the other hand, such variations 
over the sea are not apparent. Here the westerlies blow throughout the year with a 
steadiness little less than that of the trade winds in lower latitudes, and with a force 
which, though fitful, averages 5 or 6, Beaufort scale, their boisterous nature having 
given on name ‘‘Roaring Forties’’ to the latitudes in which they are most frequently 
observed. 

The explanation of this striking difference in the extratropical winds of the two 
hemispheres is found in the distribution of atmospheric pressure and in the widely 
different variations which this latter undergoes in different parts of the globe. In 
the comparatively landless Southern Hemisphere the average yearly atmospheric 

ressure south of parallel 30° diminishes much more epidl poleward and has 
ewer irregularities due to continental interference than in the Northern Hemisphere. 
The system of steep and persistent gradients which thus exists gives rise to the 
compara ey strong and persistent northwest and west winds of the ‘Roaring 
orties.’ 

The monsoon winds.—The air over the land is warmer in summer and colder in 
winter than that over the adjacent oceans. During the former season the continents 
thus become the seat of areas of relatively low pressure; during the latter, of relatively 


high. Pressure gradients, directed outward during the winter, inward during the | 


summer, are thus established between the land and the sea, which exercise the greatest 
influence over the winds prevailing in the region adjacent to the coast. 

The most striking illustration of winds of this class is presented by the monsoons 
(mausim, season) of the China Sea and of the Indian Ocean. In January abnormally 
low temperatures and high pressure obtain over the Asiatic plateau, high tempera- 
tures and low pressure over Australia and the nearby portion of the Indian Ocean. 
As a result of the baric gradients thus established, the southern and eastern coast 
of the vast Asiatic continent and the seas adjacent thereto are swept by an outflowing 
current of air, which, diverted to the right of the gradient by he earth’s rotation, 
appears as a northeast wind, covering the China Sea and the northern Indian Ocean. 
Upon entering the Southern Hemisphere, however, the earth’s rotation which hitherto 
deflected the moving air to the right of the gradient now serves to deflect it to the 
Aeft; and here, accordingly, we have the monsoon appearing as a northwest wind, 
covering the Indian Ocean as far south as latitude 10°, the Arafura Sea, and the 
northern coast of Australia. 

In July these conditions are reversed. Asia is now the seat of high temperature 
and correspondingly low pressure, while Australia and the Indian Ocean have a 
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relatively low temperature and high pressure, although the departure from the annual 
average 1s by no means as pronounced in the case of Australia and the Indian Ocean 
as in the case of Asia. The barometric gradients now lead northward across the 

uator and are directed toward the interior of Asia, giving rise to a system of winds 
whose direction is southeast in the Southern Hemisphere, deflected to southwest in 
the Northern. 

The northeast (winter) monsoon blows in the China Sea usually from October to 
Apnil. 1tis known as the dry or fair weather monsoon. It is marked by a steadiness 
similar to that of the trade winds, and it often attains the force of a moderate gale. 
The southwest (summer) monsoon usually occurs from May to September. It 
breaks with great severity on some coasts accompanied by heavy squalls and thunder- 
storms. The rainfall during this season is much heavier than during the northeast 
monsoon. As the season advances and the southwest monsoon becomes estab- 
lished, squalls and rain become less frequent. In some places the monsoon then 
blows as a light breeze, unsteady in direction, sometimes sinking to acalm. In other 

laces it prevails with fresh velocities throughout the season, being infrequently 
interrupted by calms, or by winds from other directions. The tropical cyclonic 
storms of this region, locally known as typhoons, occur most frequently during the 
season of the southwest monsoon, although their occurrence may extend well into 
the season of the winter monsoon. 

Land and sea breezes.—Corresponding with the seasonal contrast of temperature 
and pressure over land and water, there is a diurnal contrast which exercises a similar 
though more local effect. In summer particularly the land over its whole area is 
warmer than the sea by day, colder than the sea by night. The variations of pressure 
thus established, although small, suffice to evoke a system of littoral breezes directed 
landward during the daytime, seaward during the night. These land and sea breezes 
usually penetrate to a distance of about 30 miles on and off shore, and extend to a 
height of a few hundred feet. 

The sea breeze begins in the morning hours—from 9 to 11 o’clock—as the land 
warms. In the late afternoon it dies away. In the evening the land breeze springs 
up, and blows gently out to sea until US In the Tropics this process is repeated 
day after day with great regularity. In higher latitudes the land and sea breezes are 
often masked by winds of cyclonic origin. 

Temperature, pressure, and wind relations.—In the preceding articles of this 
chapter the most important effects of temperature and pressure distribution upon 
the surface winds of the globe have been discussed. There are other important 
relations between temperature, pressure, and wind which can not be described here 
at length. If discussions are desired of local phenomena, such as mountain and valley 
breezes, glacier winds, whirlwinds, and so on, they may be found in a modern text- 
book of meteorology. 

There are certain other aspects of the general circulation of the atmosphere, that 
should be briefly summarized. One of these is the effect of land areas upon the 
high-pressure belt in either hemisphere and upon the trade winds and prevailing 
westerlies. A continent in summer, since it is relatively warmer than adjacent 
oceans, becomes the seat of an area of low pressure. Therefore, wherever a high- 

ressure belt crosses a continent, the belt in summer is interrupted by the area of 
ow pressure over the land. The interrupted belts of high pressure then appear as 
elliptical areas over the oceans, especially in the Northern Hemisphere where the 
continents are vast. Similarly, the low-pressure area and the local winds of a cor 
tinent serve to modify greatly the systems of trade winds and prevailing westerlies 
wherever they cross the land. Another aspect of the general circulation that should 
be briefly discussed is the formation of the five persistent centers within the two belts 
of high pressure. On page 269 six centers of maximum pressure were pointed out. 
One of these, that over Siberia, exists only during the winter. The remaining five 
rarely disappear entirely. They are called the semipermanent “‘highs.”’ five 
are centered over oceans, and they occur only where a distinctly cold ocean current 
crosses one of the two belts of high pressure. Finally, it should be noted that the 
earth’s rotation diverts the air flowing outwards from an area of high pressure, so 
that in the Northern Hemisphere as one rounds the area on the east the direction 
of the wind is successively northwesterly, northerly, and northeasterly, thus in- 
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troducing air from the Temperate Zone into the region of the trade winds. Similarly, 
as one rounds a high-pressure area on the west the wind direction is successively 
southeasterly, southerly, and southwesterly, introducing air from the trade region 
into the Temperate Zones. It is seen that the wind circulation about an area of 
high pressure in the Northern Hemisphere is clockwise, a circulation opposite to that 
around a cyclone in this hemisphere. Such areas are therefore known as anticyclones. 
In the Southern Hemisphere an analogous circulation occurs about the centers of 
maximum pressure. 

Backing and veering wind.— When the wind changes in a clockwise direction, that 
is N-E-S-W;; it is said to veer when it changes in the reverse direction N-W-S-E; it is 
said to back. ‘These terms are used both in the Northern and Southern Hemispheres. 


CHAPTER XXII 
CYCLONIC STORMS 


Variations of atmospheric pressure.—The prevailing distribution of atmospheric 
pressure previously described (chap. X XI) and the attendant circulation of the winds 
are those which become evident after the effects of many disturbing causes have been 
eliminated by the process of averaetie observations covering an extended period of 
time. However, conditions over the globe do not always conform to these averages. 
On some days vee and winds may be distributed much as they appear on a chart 
of averages. ore frequently, however, the actual conditions in various localities 
lie to one side or the other of the averages, and it is sometimes difficult to distinguish 
the features which the averages bring out. 

Confining our attention for the time being to the subject of atmospheric pressure, 
it may be said that this, at any given point on the earth’s surface, is in a constant 
state of change, the mercurial barometer rarely becoming stationary, and then only 
for a few hours in succession. The variations which the pressure undergoes may be 
divided into two classes, viz, periodic, or those which are continuously in operation, 
repeating themselves within fixed intervals of time, long or short; and nonperiodic 
or accidental, which occur irregularly, and are of varying duration and extent. 

Periodic variations.—Of the periodic class of changes the most important are the 
seasonal, which have been already to some extent described, and the diurnal. The 
latter consists of the daily occurrence of two barometric maxima, or points of highest 
pressure, with two intervening minima. Under ordinary circumstances, with the 
atmosphere free from disturbances, the barometer each day attains its first minimum 
about 4 a.m. As the day advances the pressure increases, and a maximum, or point 
of greatest pressure, is reached about 10a.m. From this time the pressure diminishes, 
and a second minimum is reached about 4 p. m., after which the mercury again rises, 
reaching its second maximum about 10 p.m. The range of this diurnal oscillation 
is Bren at the equator, where it amounts to about ten hundredths (0.10) of an 
inch. Jt diminishes with increased latitude, and near the poles it seems to vanish 
entirely. In middle latitudes it is much more apparent in summer than in winter. 

Nonperiodic variations.—The equatorial slope of the belt of high pressure which 
encircles the globe in either hemisphere near latitudes 30° to 35° is characterized by 
the marked uniformity of its meteorological conditions, the temperature, wird, and 
weather changes proper to any Bias season repeating themselves as day succeeds 
day with almost monotonous regularity. Here the diurnal oscillation of the barometer 
constitutes the main variation to which the atmospheric pressure is subjected. On 
the polar slope of these belts conditions are very different, the elements which go to 
make up the daily weather here passing from phase to phase without regularity, with 
the result that no two days are precisely alike; and as regards atmospheric pressure, 
it may be said that in marked contrast with the uniformity of the torrid zone, the 
barometer in the temperate zone is constantly subjected to nonperiodic or accidental 
fluctuations of such extent that the periodic dirunal variation is scarcely apparent, 
the mercurial barometer at a given station frequently rising or falling several tenths 
of an inch in 24 hours. 

The explanation of this rapid change of conditions in the higher latitudes is 
found in the approach and paste of extensive areas of alternately high and low 
pressure, which affect alike, although to a different degree, all the barometers coming 
within their scope. The general direction of motion of these areas is that of the 
prevailing winds. In the latitudes which are under consideration, therefore, their 
movement is in general from west to east though often with a large north or south 
component. 
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Cyclonic and anticyclonic circulations.—A central area of low pressure is sur- 
rounded by a system of winds which exhibit a tendency to draw in toward the center 
but at the same time circulate about it; the direction of this circulation being in the 
Northern Hemisphere opposite to the motion of the hands of a watch. A rotation 
of this kind is defined as “‘cyclonic’’ rotation, and the area of low pressure is termed 
a “cyclone.” In the Southern eerie ah cyclonic rotation is directed in the opposite 
sense, that is, with the motion of the hands of a watch. 

Around the center of an area of high pressure a similar system of winds will be 
found, but blowing in the reverse direction. Here the barometric gradients are 
directed radially outward, with the result that in place of an inflow we have an out- 
flow, the circulatory motion being right handed or with the hands of a watch in the 
Northern Hemisphere, left handed or against the hands of a watch in the Southern. 


Anticyclonic. SOUTHERN HEMISPHERE. Cyclonic. 
FIGURE 117. 
The light arrows show the direction of the gradients; the heavy arrows the direction of the winds. 


A rotation of this kind is said to be “anticyclonic,’”’ and the area of high pressure is 
termed an “anticyclone.” 

All these features are shown in the accompanying diagram (fig. 117), which 
exhibits the general character of cyclonic (around a Low) and anticyclonic (around a 
HIGH) circulations in the Northern and Southern Hemispheres, respectively. The 
closed curves represent the isobars, or lines along which the barometric pressure is 
the same; the short arrows show the direction of the gradients, which are everywhere 
at right angles to the isobars; the long arrows give the directions of the winds, 
deflected by the earth’s rotation to the mght of the gradients in the Northern 
Hemisphere, to the left in the Southern. 

Features of cyclonic and anticyclonic regions.—Certain features of the two areas 
may here be contrasted. In the anticyclonic, the successive isobars are as a rule 
far apart, sertibas Maala ae gradients and consequently light winds. In the cyclonic 
area, on the other hand, the successive isobars are usually crowded together, showing 
steep oe and strong winds. 

The anticyclonic area is a region of outflowing winds, as shown in figure 117. 
The divergence of the wind streams at sea level necessitates a compensating down- 
ward flow of air from aloft. Since descending air is compressed and consequently 
is heated, a condition favoring the dissipation of clouds results. The cyclonic area 
however, is a region of inflowing winds. The convergence of the winds at sea level 
demands that there be a general tendency for an upward movement of air. Since 
ascending air expands and consequently cools, the formation of clouds and precipita- 
tion is favored. These considerations explain why in general the approach and 
presence of anticyclonic areas are in most cases attended by fair weather, although 
they are not sli boen characterized by scattered showers, whereas the progress 
of cyclonic areas is usually accompanied by thickly overcast skies, more or less con- 
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tinuous rain, and the generally foul weather which characterizes the ordinary storm 
at sea. 

Classification of cyclones.—Cyclones have been classified in various ways. 
According to duration they are known as semipermanent and migratory; accord- 
ing to season of occurrence, as winter and summer; or according to zone al oniei, as 
tropical and extratropical. 

There are several semipermanent cyclones in different parts of the world, the 
most prominent of which are, in the Northern Hemisphere, the so-called Icelandic 
and Aleutian lows, and in the Southern 
Hemisphere those of Ross Sea and Weddell 
Sea. The Aleutian low is active during winter 


only. 

The regions occupied by the semiperma- 
nent cyclones constitute what may be called 
the “graveyards” of the migratory cyclones. 
Many of the traveling cyclones move directly 
into these areas, merging with and reinforcing 
the semipermanent cyclones, and at the same 
time losing their own identity. In fact it 
may be said that the semipermanent cyclones 
are maintained largely by the tendency for 

a 


the migratory ones, after they have attained 
their maximum intensity, to collect in cer- 30.2 
tain favored regions, where they often come Frours 118. 


virtually to a standstill. The areas so fav- 
ored are zones where the thermal differences between the polar regions and the rela- 
tively warm open oceans are sharply concentrated. Such a condition in itself leads 
to the development and perpetuation of a cyclonic circulation with attendant low 
pressure. ; . 
_ The two general types of migratory cyclonic storms, known as tropical and 
extratropical, though chiefly distinguished from one another by the zone of origin, 
also differ from one another in size, structure, intensity, direction of movement, the 
distribution of temperature and rainfall within the storm area, and the way in which 
they are qaintelied or dissipated. Storms of the latter class—that is, extratropical— 
| are by far the more numerous, be 
HIGH | of daily occurrence in middle an 
northern latitudes. Their number, 


3 2 
30.5 Se °° as well as intensity, is greater, how- 


ever, in the colder seasons of the 


Tg year. Their ae of origin is not 
HUET ATH restricted and they may and do 
mre ttty BELLS EAL TTT TET form over the continents, though in 
a pee 9 much he numbers over the 
295 ee oceans. (Generally, but not al- 
%°.9 ways, they increase in intensity on 
passing from the continents to the 
30.6 HIGH oceans and diminish in energy on 
mcceeie. |S Passing from the oceans to the con- 

inents. 


Formation and development of extratropical cyclones.—The great majority of 
extratropical cyclones do not form haphazardly within the circulation of the prevailing 
westerlies but at special points where a convergence of wind streams occurs. Two 
i of pressure distribution favoring convergence are shown in figures 118 and 119. 

n one case the air currents are flowing almost in the same direction; in the other they 
flow in almost opposite directions. The bringing-together of air currents which have 
originated in widely separated regions and which consequently possess differing prop- 
erties leads to the development of a comparatively narrow zone, generally less than 
100 miles in width, in which there is a rapid transition of temperature from one air 
current or “air mass” to the other. The formation of such a zone or “‘front,’’ as it is 
termed, is the prelude to the development of an extratropical cyclone. 
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This preliminary stage is shown in figure 120. Here the converging of two distinct 
air currents, both of which are flowing towards the east has concentrated the tempera- 
ture and density differences in @ narrow zone represented by the heavy dashed line. 
The air current to the north of the front is relatively cold and dry, being characteris- 
tically of polar or sub-polar origin, and it is moving comparatively slowly, as indicated 
by the widely separated isobars. On the other hand, that to the south of the front 
is relatively warm and moist being characteristically of tropical or sub-tropical origin, 


29.7 29.7 
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30.2 30.2 
30.3 30.3 
FIGURE 120. 


and it is moving comparatively rapidly as indicated by the closely spaced isobars. 
The boundary between the air masses is not vertical. On the contrary, because of 
the density differences between the air masses, the frontal surface assumes a gentle 
ni eas the order of 1/100), the polar air lying under the tropical air in the form of 
a thin wedge. 

The next stage is the development of cyclonic rotation at some point along the 
boundary. This tends to distort the front and cause it to exhibit a wave-like corruga- 
tion, as illustrated in figure 121. Occasionally further intensification of the cyclonic 
rotation fails to take place, and the wave travels rapidly along the front in an easterly 
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FIGURE 121. 


direction, at the same time maintaining its flat character. Almost invariably, how- 
ever, the cyclonic rotation, once it has been concentrated, intensifies progressively. 
This leads to a closed circulation with accompanying closed isobars and increased 
barometric gradients. The originally flat wave becomes more pronounced, and a 
center of low pressure appears at its crest. This stage is illustrated in e 122. 
The cyclones thus formed at a front have at first an oblong shape. ter they 
become more circular. They intensify quickly and move rapidly. As they intensify, 
the increasing circulation around the center tends to fold up the front and conse- 
quently to narrow the tongue of warm air, which is termed the ‘“‘warm sector” of the 
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_ eyclone. The air within the warm sector is raised from the ground, whence it flows 
away above the body of cold air which lies ahead of the wave. Eventually the front 
is doubled up on itself, and the center of low pressure is completely surrounded at 


30.2 


30.2 
FIGURE 122, 


the ground by the cold air. When this stage has been reached the cyclone is said to 
be “‘occluded.’’ It now begins to resemble more and more a circular vortex and to 
lose intensity. Thereafter it gradually fills up and disappears, merges with a semi- 
permanent system, or is absorbed by a newer and more vigorous cyclone which has 


FIGURE 123. 


developed at some other point on the front. A partly occluded cyclone is shown in 


23. 
The ascent of the air in the warm sector and its oy atte at the surface by 
the cold air constitutes a process which is continually furnishing kinetic energy to 
the cyclonic system. The resulting gain of energy is manifested by the increasing 
strength of the circulation as the cyclone becomes occluded. The steepening baromet- 
ric gradients associated with this development necessitate a lowering of the pressure 
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at the center of the cyclone. However, the mechanism through which the removal 
of air from the region above a cyclone is achieved is by no means sadala oes uaa 
stood and has never been satisfactorily explained. The problem is seen to be espe- 
cially difficult when one considers that the surface winds which circulate around 
the center of a cyclone tend to blow inwards, a fact which apparently ought to counter-. 
act any further lowering of the pressure. 

eather phenomena associated with extratropical cyclones.—The first warning 
of the approach of a typical frontal cyclone in the Northern Hemisphere, such as is 
pictured in e 123, 1s given by the barometer, which, if it previously had been 
rising or steady, will begin to fall. At about the same time a veil of high clouds of 
the cirrus type will be observed approaching from some westerly direction. Gradu- 
ally these become more dense, eventually darkening the sky and obscuring the sun. 
Soon continuous rain (or snow) commences to fall, and the barometer 3 with 
increasing rapidity. Let it now be assumed that the cyclonic system is traveling due 
east and that the observer is situated at the latitude indicated by the dashed line I 
in figure 123. He will there experience, while the cyclone is still to the west of him, 
a wind that blows with increasing strength from some southerly direction. The 
‘continuous rain which is occurring falls from ‘‘warm sector’’ air that has been raised 
off the earth’s surface and is now flowing eastward aloft. When the “warm front’’— 
i. e., that portion of the boundary between the warm and cold air masses which 
constituted the forward side of the original wave-like disturbance—reaches the 
observer, the rate of fall of the barometer abruptly decreases, and a quick, though 
not necessarily pronounced, veer of the wind to a more westerly direction occurs. At 
this juncture the nature of the weather also changes. The continuous rain ceases, 
and in its place a very fine drizzle accompanied by poor visibility (sometimes by fog) 
characteristically sets in. The drizzle falls from an unbroken layer of low-lying 
stratus clouds. The temperature of the air will have risen a few degrees, indicating 
the transfer of the observer from the cold, polar-type air into the warmer air of more 
tropical origin. Drizzle and poor visibility are typical of a warm sector over the 
ocean in middle and high latitudes. 

While the observer is situated in the warm sector he will note that the barometer 
either remains steady, or continues to drop (if the cyclone is increasing in intensity), 
although in the latter case the rate of fall will be less than it was prior to the passage 
of the warm front. With the arrival of the boundary line marking the forward 
edge of the advancing cold air in the rear of the cyclone, an abrupt veer of the wind 
to a more westerly and northerly direction takes Dose The passage of this line, 
which is termed the “cold front,’’ is characteristically manifested by the occurrence 
of squalls and heavy showers (in fact moderate to heavy rain may start falling some 
time before the arrival of the wind-shift line.) The barometer now commences to 
rise, the temperature falls, and the visibility improves. Subsequently a partial clear- 
ing of the sky occurs, although scattered showers continue, as a rule, for some time 
after the passage of the cold front and may never cease completely, even after the 
arrival of the anticyclonic system which normally follows the cyclone. 

If the observer is situated at the latitude indicated by the dashed line II in 
figure 123 he will experience a sequence of events similar to those noted by an observer 
at the latitude of line I, except that the weather phenomena of the warm sector are 
absent and there takes place the passage of one front only, the “‘occluded’’ front. 
The southerly wind in advance of it veers quickly to a westerly direction and the 
continuous prefrontal rain is replaced directly by the showery type of weather that 
characterizes the cold air in the rear portion of the cyclone. 

If the observer is situated at the latitude of the dashed line III the center of 
low pressure will travel to the south of him and no front passage with sudden veering 
of the wind will be experienced. Instead the wind, which may originally have set 
in from a southerly or easterly direction gradually backs through north to northwest. 
The barometer exhibits no aprupt or discontinuous change in its rate of fall but rather 
a relatively gradual transition from falling to rising. The character of the weather 
also undergoes a comparatively slow change from precipitation of a continuous type 
to a showery type as the wind backs to the northwest. 

The general sequences of weather phenomena described in the preceding para- 
graphs apply to the typical extratropical cyclone of the winter season in middle and 
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high latitudes of the Northern Hemisphere. Naturally each individual storm differs 
somewhat in form from the model depicted in figure 123. However, there is one 
feature that is common to the structure of all young extratropical cyclones. It is an 
absence of symmetry and the presence of lines of discontinuity, in other words, fronts. 
On this account changes in the wind and in the state of the weather do not take place 
progressively over an extended interval of time but with a suddenness which is often 
surprising. ‘Thus, a gentle westerly wind may be replaced by a northerly gale within 
the pec of a few minutes. 

ce an extratropical cyclone has become entirely occluded it has attained the 
last stage of its life history. It is then said to be an old cyclone. It assumes an 
almost symmetrical structure and the frontal system associated with it gradually 
dissolves. No longer do we find several distinct systems of clouds and precipitation 
which were characteristic of the partly occluded cyclone. The weather throughout 
the area surrounding the center becomes essentially uniform and tends tow the 
pure shower type. 

Tropical cyclonic storms.—Tropical cyclones, in contrast to extratropical cy- 
clones do not occur frequently. ‘They form only over certain well-defined and limited 
water areas of the Tropics and quickly lose energy on reaching a large land surface. 
They also lose energy, although more slowly, as they progress toward middle latitudes 
over the oceans, usually at the same time expanding in size. On nearing or reaching 
the higher latitudes of the ocean a cyclone of tropical origin either dissipates or takes 
on the characteristics of an extratropical storm. 

Tropical cyclones are confined mostly to six fairly distinct regions of great or 
small extent, four in the Northern Hemisphere and two in the Southern. These 
regions are (1) the entire West Indian region, including the Caribbean Sea, the Gulf 
at Mexico. and the waters east of Florida, in addition to much of the ocean east of the 
Antilles; (2) the southeastern North Pacific, known as the Mexican west coast region; 
(3) the Far East, which includes the entire area west of the Marianas and the Caro- 
line Islands, across the Philippines and the China Sea, and northwestward to China 
and Japan; (4) the Arabian Sea and the Bay of Bengal; (5) a great stretch of ocean in 
the vicinity of and to the east of Madagascar, including the Mauritius and other 
islands; (6) the general region embracing Australian waters and eastward, including 
the archipelagoes to or beyond mid-Pacific. 

The occurrence of tropical cyclones in the different months and for the six gen- 
eral regions is shown in the following table. 


Occurrence of tropical cyclones of the siz regions 


Annual mar" | th 
Jan. | Feb. | Mar.| Apr. | May | June} July | Aug. | Sept. | Oct. | Nov.| Dec. javerage record 
: num (years) 
Region I: 
North Atlantic Ocean....... 0 0 0 0 4 wu 23 2 7 50 
Region II: 
Southeastern North Pacific 
OG@OR ss cee cstcccecenscecs 0 0 0 0 3 17 2 1 5 sf 
Region III: 
North Pacific Ocean (Far 
BaSt)scccecesctsctccecsswss 15 8 11 13 26 36 8 37 20 36 
Region IV: 
Arabian Sea... .....-...-..-.- x x x x 5 11 2 3 2 
Bay fd Bengal...........-..- x x x x 21 42 37 17 10 36 
on V: 
South Indian Ocean.-.......- 1138 | 115 98 68 25 8 58 70 
on VI: 
Australian waters to 160° E. 
Jongitude..............-.-. 54 49 88; 20 7 7 10 3 84 
South Pacific Ocean east of 
160° E. longitude. ......... 69 47 64 18 2 2 8 31 2 108 
x, Rare. 


The number of tropical cyclones varies greatly from year to year. This irregu- 
larity in annual frequency is shown for three of the six regions of occurrence in the 
following tables. The greatest irregularity is shown for the North Atlantic, where 
the annual occurrence as indicated by the specific 10 years (1927-1936) itemized in 
the table, ranged between 2, in 1929 and 1930, and 21,1n 1933. Data for the 50-year 
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eriod 1887-1936, summarized in the table, are from the records of the United States 
eather Bureau. The table of eastern North Pacific tropical cyclones, covering the 
27-year period 1910-1936, is compiled also from the records of the Weather Bureau. 
The table of typhoons in the western part of the North Pacific Ocean extends over 
the 36-year period 1901-1936, and is compiled largely from the records of the Zi-Ka-wei 
Observatory, Shanghai, China, the Weather Bureau, Manila, P. I., and the Central 
Meteorological Observatory, Kobe, Japan. 


Occurrence of North Atlantic tropical cyclones, 1887-1986 


1927 | 1928 | 1929 | 1930 | 1931 { 1932 | 1933 | 1934 | 1935 | 1936 | Total 


mem me ee | ce tere | | ce | ee | ree | ences | eer 
——se ee 


MGS occce cowie cb es oniak eee estete rece eseeedesee 0 0 0 0 0 1 1 1 0 o|. 4 
DUNG o3. 3262 2s a vanend eeeekeeecoss estes oben cee ee oe 0 0 1 0 1 0 1 1 0 3 “4 
DUNY. ote ctGona toe peewwsd SosteeasSencreetepereeaess 0 0 0 0 1 0 3 1 0 2 25 
AURUSt oc cceuwacacslsne acare tare bee eeaweneese ] 2 0 1 I 3 7 2 2 6 71 
Septeniber vc. 02a noe er cerecceeetaccecacess 3 3 1 1 3 3 5 2 1 5 112 
OCOD Gf sieves oesccee seeds eacceie cated neceseaws 2 1 0 0 1 3 4 3 2 1 gl 
NoVe@M DOP ss occ cece ccccnccdescedeccetnwtevasdcuas 1 0 0 0 1 1 0 1 0 0 8B 
Posdontce sa nisueoaaeeraes ees cesesmedescete 0 0 0 0 0 0 0 0 0 0 2 

TOCA) vice tee oes suscoteeweweseceess 7 6 2 2 8 11 21 11 5 17 352 


Average annual number, 7. 


Occurrence of tropical cyclones of Eastern North Pacific, 1910-1936 


1910- 
1926 | 1927 ; 1928 | 1929 | 1930 | 1931 | 1932 | 1933 | 1934 | 1938 | 1936 | Total 


Cc eneenemeeeeeet (lee ee | ee es ee 
———— | ee | ee 


VAG oe ese ond dda ea eidewe wed cecanaee 0 0 1 1 0 0 0 1 0 0 0 3 
PUNO. fc. Goauce was cede waean slab voeeseeue eee eeay 7 2 2 1 1 0 1 1 0 0 2 17 
PONY eect cacdetn tet oes oe bee Sa cen eaecsee 11 2 1 0 0 1 0 1 1 0 0 17 
AUQUSt ooo oe nc sec dene sce steeceetoececeeeesieus 12 1 1 2 1 1 2 1] °' 0 2 2 5 
September. ..........----...------.--------- eee 32 3 3 3 0 4 1 0 1 0 3 50 
OClOber>. oo) seosceStcctedecnn utes ceeaesseeesSoee 17 1 2 0 3 0 0 0 1 0 2 26 
NOVOMbGh oi occscw cones Fede ede cia exeeweees 2 0 0 0 0 0 0 0 0 0 0 3 
COMDGE 6 i cteescec eles ey Reese teaser cseus 1 0 0 0 0 0 0 0 0 0 0 1 
Otel sss oes eae See eee §2 9 10 7 5 6 4 4 3 2 9 141 


Average annual number, 5. 


Occurrence of typhoons of the North Pacific, 1901-1936 
—_—_—_—_—_—_——ss ss ee 


1901- 
1426 1927 | 1928 | 1929 | 1930 | 1931 | 1932 | 1933 | 1934 | 1935 | 1936 | Total 


0 0 0 0 1 0 0 0 

February. cus tu cetee eect. cosecereeesetcssess 7 0 0 0 0 0 0 0 1 0 d 3 
NPAT CH: oahu. 2 oc saute cna Seite eeeenee eee setae soece 7 1 0 0 1 0 1 0 1 0 0 11 
ADE ose cts in 8 bees amet esis a arneaew ewe 10 0 0 0 1 0 1 0 0 1 0 13 
MBY fide occ ue Peeve Teer user aenee ceeds oaee 21 1 1 1 1 0 0 0 0 0 1 26 
DUNG. ccd vaceeekuieen cede cu ssee we eswee lec see 31 1 0 3 0 0 0 1 0 0 0 36 
JUV x cewreh Hwhadueseretecus one VU Backes aeedaneeeniee 79 2 4 5 5 0 2 4 1 2 5 109 
AUN eo ccc eceS ar len totee eee secede 121 4 3 2 2 5 3 1 4 3 3 151 
Sen eerie ee eae eudecenuieeeamb ada cts 93 4 3 7 1 4 1 4 6 4 2 129 
OCUODE si vere eenee Patera tesa ee weed eo eewits 78 5 3 5 1 4 3 4 6 4 4 117 
INGVOINDOR 22 Sveesssiwetes tose te teen onc ale 40 2 2 2 1 3 1 2 2 1 3 59 
DOCOMbDerecucen week ence nce ecudeee cesses eee 27 0 0 0 0 1 1 0 4 3 1 37 

TO geovuleeteaieale neko eo use ses Gs 527 20 16 25 13 18 13 16 25 18 20 711 


Average annual number, 20. 


Many tropical cyclones originate in the more or less definite region known as the 
*“‘doldrums,”’ that narrow belt lying between the northeast and southeast trade 
winds. It is a region characterized by sultry air and calms or light and baflling 
breezes, interrupted by frequent rains, thunderstorms, and squalls. 

_ The South Atlantic Ocean is free from cyclones of tropical origin, the reason 
being that the Atlantic doldrums are almost entirely north of the equator, their 
southernmost position, which occurs in March, being commonly between latitude 
3° N. and the equator. They rarely reach south of that latitude and, if so, only 
for a brief period. 
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The origin of tropical cyclones is obscure in some of the details but the absence 
of such storms from the continental regions of the Tropics and their early disinte- 
gration after passing from the sea to the land go to show that their mainténance is 
dependent on a supply of water vapor, which in the doldrums is present in the at- 
mosphere in large amounts. The vapor-laden and heated air of these regions is under- 
run and forced upward by adjacent denser air—denser because drier and cooler. Thus 
is begun that process which later results in a continuing system of winds blowing 
around a moving center and constituting a tropical cyclone. 

The developing storm drifts slowly westward with the current of free air and with 
this current it deviates more and more away from the equator after arriving at the 
western margin of the . 
adjacent semiperma- gg» See ea Oe Ee -)° SS EE aee | ° RN ee ME ies 
nent “high.’”* Here the 
winds turn poleward, IN HIGH LATITUDES 
as before explained, and Vcleciev atone cathe 
this fact is reflected in 20 to 30 miles per hour 
the tracks of tropical ai 
cyclones, the centers of 
which commonly follow 
the free-air currents of 
the general circulation. 

Fully developed, the 
tropical cyclone consists 
of a well-defined area, 
more or less circular 


30° 
in shape, throughout ° 
which t i] atmospheric | ~~ IN MIDDLE LATITUDES 1 
ressure diminishes rap- 18) (Ze STORM RECURVING 
° * “Ee N Veloci t th 
idly on all sides toward \ AC mY § to 10 miles per howr 


the center or point of N 
lowest barometer, the 
rate of this diminution 
amounting in the case 
of severe storms to 0.01 
or even 0.02 of an inch 
for each mile of ap- 
proach. Within this ,. 


area of nhuarae ie 2 
pression the winds blow 
with great force, the eee 
velocity of the moving IN LOW LATITUDES 
sree beara ig an * about 17 miles bor hour 
n = eee 


metric slope or gradi- = 
ent, the direction, how- FiGuge 124.—Characteristic track ane Pada ae of tropical cyclone of Northern 
ever, as previously ex- ah 

plained being not toward but around the center. At the center itself—the point 
of lowest pressure—is a region seldom more than 10 or 20 miles in diameter through- 
out which calm or light air prevails. Here, too, the dense canopy of cloud which 
overhangs the storm area is pierced, forming the so-called “‘eye of the storm.’’ The 
seas within this area are violent and confused, sweeping in from all sides with over- 
whelming violence. The gale winds, high seas, and torrents of rain which usually 
accompany tropical cyclones often cause great damage to coastal regions and to 
shipping in the path of the storm. 

The size of tropical cyclones varies greatly. In the case of West Indian hurri- 
canes, considering the area in which winds of gale force prevail, the average diameter 
is some 300 miles. The diameter of the area of destructive winds is, however, much 
smaller. The size of the vortex, or calm area, likewise varies. It rarely exceeds 15 
to 20 miles in diameter and may be as little as 7 miles 

The usual track of the tropical cyclone resembles a parabola, of which the first 
branch of ten has its extremity in the region of the doldrums, as already explained, and 
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the second branch, running to the east and north, has its extremity in middle latitudes. 
Here the storm either dissipates or takes on the form of an extra-tropical cyclone. 
i 124 illustrates the typical parabolic track of a tropical cyclone of the 
Northern Hemisphere with its attendant en of winds blowing counterclockwise 
and directed somewhat toward the center. e angle between the wind direction and 
the isobars seems to vary in the different quadrants. In several West Indian hurri- 
130° 70° canes that have been 
Se ee studied this angle was 
found to be greatest in 
the nght hand rear quad- 
rant, and least in the left- 
hand front quadrant. 
The statement is fre- 
quently met with that in 
cyclones of the South 
Indian Ocean the north- 
easterly and easterly 
winds (understood to 
mean before the storm 
recurves) seldom, if ever, 
blow around the center 
but almost directl 
toward it. These winds 
correspond in part to 
those of the nght-hand 
rear quadrant of tropical 
cyclones of the North- 
ern Hemisphere, in which 
quadrant as just stated, 
the inclination toward 
the center was also found 
to be greatest. 

It spay noted from 
aia 124 thatin portions 
of both right-hand quad- 
rants the winds blow in 
the general direction of 
the line of advance of the 
storm. Itis these violent, 
sustained winds, some- 
times blowing in onedirec- 
tion for several days, that 
cause the storm waves 
and swells so destructive 
on the coasts visited by 
tropical storms. Careful 
observations made by use 
of tide gauges on thecoast 

FIGURE fabs barecteriete t — ates hohecta system of tropical cyclone of of the Gulf of Mexico 

show that the highest 

storm tide occurs in front of tropical storms and immediately to the right of the 
line of advance of the center. er 

In the Southern Hemisphere the winds blow in a clockwise direction about the 
center of a cyclone. Here again, the average track of a tropical cyclone, arising in the 
region of doldrums, leads westerly at first. Its constantly increasing poleward com- 
ponent, however, carries it southwest, then south, and it finally recurves toward a 
southeasterly direction. In figure 125 is shown a characteristic track and wind system 
of a tropical cyclone in the Southern Hemisphere. . . 

Although the average tracks of tropical cyclones in either hemisphere, arising 
in the doldrums, lead westward and poleward in a parabolic curve until in middle 
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latitudes they recurve eastward, many individual cyclones deviate widely from the 
average. In the Northern Hemisphere, and possibly in the Southern also, the general 


direction of the first part of the track 
varies in different parts of the cyclone 
season, as does also the latitude of the 
vertex, or point where the track recurves 
to the eastward. In the case of West 
Indian hurricanes the average direction 
of the first branch in the early part of 
the season, June and July is about 315°. 
The direction of the t branch of 
August hurricane tracks is about 281°. 

With the advance of the season the 
direction of the first branch of the track 
inclines more and more to the northward 
and the latitude of recurve moves south- 
ward. The result is that the storms of 
September have generally recurved and 
started on the second branch of the track. 
Those which originated well out in the 
Atlantic have for the most pert recurved 
near or to the east of the Bahama Islands, 
and the second branch has been about 


equal in length to the first. On the other | 
hand, those which formed in the Carib- | 


bean Sea have generally recurved in the 


Gulf of Mexico and dissipated soon after- 7 


wards over the southern United States. 
In the case of October and November 
hurricanes the first part of the track had 
a 338° direction and the recurve was 
effected at still lower latitudes. Practi- 
cally all storms of the period recurved 
and generally the second branch of the 
track was longer than the first. In these 
months, also, the presence of large anti- 
cyclones to the northward sometimes 
forces the tropical cyclone from a normal 
track, in extreme cases even causing it to 
move in such a way as to form a loop in 
its track. A study of the charts in figure 
126 will reveal the characteristics of West 
Indian hurricane tracks just discussed. 
In eure 127 typhoons of the North 
Pacific have been classified according to 
average tracks. The percent frequency 
of each class and the period of the year 
ounns which typhoons are likely to fol- 
low that track are given in the table 
before the figure. : 

— indications of tropical cyclones. 
—As will be explained later the modern 
deyelopment of radio weather reports at 
sea has made it possible for organized 
weather services to locate tropical cy- 
clones when they develop and to issue 
warnings to shipping as to their size and 
probable movement. Although this ad- 
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vance has made it unnecessary for each ship to depend entirely upon its own observa- 
tions and knowledge to avoid damage from the storm, it is still desirable that the rules 
for establishing the existence of a tropical cyclone and forlocating its center be discussed. 
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These conditions are srequenty. accompanied by an unsteady barometer some- 
times a little higher than usual. | 

During the season of tropical storms any interruption in the regularity of the 
diurnal oscillation of the barometer characteristic of low latitudes should be con- 
sidered an indication of a change of weather. The barometer is by no means an 
infallible guide as a warning much in advance, but after the beginning of a storm it 
will more or less accurately indicate the rapidity of approach and distance from the 
center. Its indications should not be disregarded. . 

A long swell evidently not caused by the winds blowing at the place of observa- 
tion is another warning that should never be overlooked. Frequently a swell from the 
direction of the storm sets in before any other indication becomes marked. Such a 
swell has in some instances given warning of a tropical cyclone days in advance of its 
arrival. 

As the cyclone comes nearer the sky becomes overcast and remains s0, at first 
with a delicate cirrus haze, which shows no disposition to clear away at sunset, but 
which later becomes gradually more and more dense until the dark mass of the true 
hurricane cloud appears upon the horizon. From the main body of this cloud por- 
tions are detached fom time to time and drift across the sky, their progress marked 
by squalls of rain and wind of increasing force. Rain, indeed, forms one of the most 
prominent features of the storm. In the outer portions it is fine and mistlike, with 
occasional showers, these later increasing in frequency and in copiousness. In the 
neighborhood of the center it falls in torrents. The rain area extends farther in 
advance of the storm than in the rear. 

Surrounding the actual storm area is a territory of large extent throughout 
which the barometer reads a tenth of an inch or more below the average, the pressure 
diminishing toward the central area, but with no such rapidity as 1s noted within 
that area itself. Throughout the outer ring unsettled weather prevails. The sky is 
ordinarily covered with a light haze, which increases in density as the center of the 
storm approaches. Showers are frequent. Throughout the northern semicircle of 
this area (in the Northern Hemisphere) the wind rises to force 6 or 8—the “reinforced 
trades’’—and is accompanied by squalls; throughout the other semicircle unsettled 
winds, generally from a southeasterly direction, prevail. Usually after the appear- 
ance of cirrus clouds, sometimes before, the barometer shows an unmistakable although 

adual decrease in pressure. As the clouds grow thicker and lower and the wind 
increases the fall of the barometer usually becomes more rapid. When this stage is 
reached one may confidently expect a storm, and observations to determine the loca- 
tion of its center and its direction of movement should be begun. 

The average tracks of the different classes of typhoons are the result of a study 
of 244 of these storms which occurred during the period 1884-1897, and are taken 
from the report of the director of the Hongkong Observatory for 1897. The relative 
frequency of each class and the period during which it is apt to occur are given in 
the following table: 


Frequency Period 


Percent 
1 Middle of June to end of September. 

12 Middle of July to middle of October. 

0 Late in the year. 

June to the end of September. 

May to September, inclusive. 

July, August, and September. 

August and September. 

June to September. Maximum in July. 

July and August. 

October and November. 

October. 

July, August, and September. 

June to October. Most frequent in August and September. 

May to December. 

May to December. Rare in August. 

Beginning and end of typhoon season. 

September 1 to December 1. Most common in November. 

Beginning and end of typhoon season. Most frequent in May. 

April and December. 
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The appearance of the clouds and their value as warnings of tropical cyclones 
is secribed as follows by Faura in Cyclones of the Far East, by Jose Algué, of the 
anila Observatory: 


Long before the least sign of bad weather is noticeable and in many cases when the barometer 
is still very high—being under the influence of a center of high pressure, which generally precedes 
a tempest—these small isolated clouds (cirri, little clouds of a very fine structure and clear opal 
color resembling risa Hee feathers) appear in the upper regions of the atmosphere. They seem 
to be piled up on the blue vault of heaven and drawn out in the direction of some point on the hori- 
zon toward which they converge. The first to present themselves are few in number but well 
defined and of the most delicate structure, appearing like filaments bound together but whose 
visibility is lost before they reach the point of radiation. We often had an opportunity to watch 
them at the observatory of Manila, when the center was still 600 miles distant. The best times for 
observing the cirri are sunrise and sunset. If the sun is in the east and very near the horizon, 
the first clouds which are tinged by the solar rays are the cirro-strati which precede the cyclone, 
and they are also the last to disappear at sunset, inasmuch as they oversp the horizon. Such 
times are the best for determining the radiant point of the cloud streaks and at the same time for 
ascertaining the direction in which the center lies. Later on the delicacy of form, which charac- 
terizes this class of clouds in its earliest stages, is lost, and the clouds appear in more confused and 
irae forms, like streamers of feather work, with central nuclei, which still maintain this direction, 
so that the point of radiation can still be detected. In order to ascertain approximately the direction 
in which the center is advancing in its movement of translation, it is necessary to determine the 
changes of the radiant point at equal intervals of time and to compare them with the movements 
of the barometer. If the point of convergence does not perceptibly change its position, but remains 

ed and immovable for a long time, even for several consecutive days, it is almost certain that 
the tempest will break over the position of the observer. In this case the barometer begins to fall 
shortly after the first cirrus clouds have been observed and sometimes even before. At first it falls 
slowly, without completely losing the diurnal and nocturnal oscillatory movements, but changing 
somewhat the hours of maximum and minimum. The daily reading is observed to be each day 
less than that of the preceding day. That part of the horizon in the direction of the storm begins 
to be covered by a cirrus veil, which increases slowly until it forms an almost homogeneous covering 
of the sky. This veil is known by the name “cirro-pallium” of Poéy, and is that which causes 
the solar and.lunar halos, which are never absent when a storm approaches. Beneath the veil a 
few isolated clouds, commonly called ‘‘cotton,” appear. They are much more numerous and larger 
on the side lying toward the storm, where they soon appear as a compact mass. At such times 
the sunrises and sunsets are characterized by the high red tint which the clouds assume, resembling 
a great fire, especially in the direction of the cyclone. The wind remains fixed at one point, showing 
only a few variations, which are due principally to the squalls,which continually exert their force 
within the limits of the storm. The low, or ‘“‘cotton,’”’ clouds successively and from time to time . 
cover the sky, throwing out occasional squalls of rain and wind; but, the squalls having passed 
a lull ensues, the cirrus veil remaining, and likewise the hurricane bank of clouds, which seems fixed 
to the same spot in the direction of the storm. This state of the atmosphere continues until the 
bank of clouds invades the point of observation, in which case the sq will be continuous and 
the wind will increase in violence each moment. 


Fixing the bearing of the storm center.—It is very important to determine as 
early as possible the location and direction of travel of the center. While this can not 
be done with absolute accuracy with one set of observations, a sufficiently close 
approximation can be arrived at to enable the vessel to maneuver -to the best 
advantage. 

Since the wind circulates counterclockwise in the Northern Hemisphere, the rule 
in that hemisphere is to face the wind, and the storm center will be on the right hand. 
If the wind traveled in exact circles, the center would be eight points to the right 
when looking directly into the wind. We have seen, however, that the wind follows 
more or less a spiral path inward, which brings the centér from 8 to 12 pointe (90° to 
135°) to the right of the direction of the wind. The number of points to the right may 
vary during the same storm, and as the wind usually shifts in squalls ite direction 
should not be taken during a squall. Ten points (112°) to the right (left in south lati- 
tude) when facing the wind is a good average allowance to make if in front of the 
storm, but a larger allowance should be made when in the rear. If very near the cen- 
ter the allowance should be reduced to 8 or 9 points (90° to 101°) in the front quad- 
rants. 

Based on the average, the following rules will enable an observer to fix approxi- 
mately the bearing of the storm center: 

In the Northern Hemisphere, stand with the face to the wind; the center of the 
cyclone will bear approximately 10 points to the observer’s right. 

In the Southern Hemisphere, stand with the face to the wind; the center of the 
cyclone will bear approximately ten points (112°) to the observer’s left. 


~ 
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It may be noted here that the storm center almost always bears very close to 
8 points (90°) from the direction of movement of the lower clouds of the cyclone. 
Therefore, when the direction of movement of the lower clouds can be observed it 
may serve as & more accurate indication of the bearing of the center than does the 
direction of surface wind. 

Further assistance in locating the approximate position of the storm center 
may be obtained in some instances by observations of the clouds. When the s 
first becomes overcast with the characteristic veil of cirrus the storm center wi 
most probably lie in the direction of the greatest density of the cloud. Later when 
the hurricane cloud appears over the horizon it will be densest at the storm center. 
The hurricane cloud, sometimes called the “bar of the cyclone,’’ is a dense mass of 
rain cloud formed about the center of the storm, giving the appearance of a huge © 
bank of black clouds resting upon the horizon. It may retain its form unchanged 
for hours. It 1s usually most conspicuous about sunrise or sunset. When it is pos- 
sible to observe this cloud the changes in its position at intervals of a few hours will 
enable the observer to determine the direction of movement of the storm. 

Although the approximate bearing of the storm center is a comparatively easy 
matter to determine, and the direction in which the center is moving may be esti- 
mated with fair accuracy from the charted paths of similar storms (see figs. 126 and 
127) it is by no means an easy matter for the observer to estimate his distance from 
the storm center. The following old table from Piddington’s “Horn Book” may 
serve as 8 guide, but it can only give an imperfect estimate of the distance and too 
much reliance must not be placed upon it: 


Average fall of barometer per hour D secrete from 
From 0.02 to 0.06 inch_______-______-_-__-_-_-__- ~~ eee From 250 to 150. 
From .06to .08 inch.______.___-__---_-_____-_- eee From 150 to 100. 
From .08to .12 inch._____________--- eee From 100 to 80. 
From: 120. 215 Ghee on eee ea lind eee Bebo wed wa eee From 80 to 50. 


This table assumes that the vessel is hove-to in front of the storm and that the 
latter is advancing directly toward it. 

With storms of varying area and different intensities the lines of equal baro- 
metric pressure (isobars) must lie much closer together in some cases than in others, 
so that it is possible ony to guess at the distance of the center by the height of the 
mercury or its rate of fall. 

urther source of error arises because storms travel at varying rates of pro- 
gression. In the Tropics this ranges from 5 to 20 miles per hour, generally decreasing 
as the storm track turns poleward and recurves, increasing again as it reaches higher 
latitudes. In the North Atlantic its rate of progression may amount to as much as 
50 miles per hour. Within the Tropics the storm area is usually small, the region 
of violent winds seldom extending more than 150 miles from the center. The unset- 
tled state of the barometer described heretofore is usually found in the area between 
500 and 1,000 miles in advance of the center. This gives place at a distance of 300 
or 400 miles to a slow and steady fall of the mercurial column. When the region 
of violent winds extending about 150 miles from the center is reached, the barometer 
falls rapidly as the center of the storm comes on, this decrease within the violent 
area sometimes amounting to 2 inches. 

Because of this very steep barometric gradient the winds blow with greater vio- 


' lence and are more symmetrically disposed around the center of a tropical cyclone 


than is the case with the less intense cyclones of higher latitudes. After a tropical 
cyclone has recurved it gradually widens out and becomes less severe, and its velocity 
of translation increases as its rotational energy grows more moderate. Its center 
is no longer a well-defined area of small size marked by a patch of clear sky and 
near which the winds blow with the greatest violence. Out of the Tropics the 
strongest winds are often found at some distance from the center. 
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Handling the vessel within the storm area.—If, from the weather indications 
tie above and such others as his experience bas taught him, the navigator is led to 
elieve that a tropical cyclone is approaching, he should at once— 


First. Determine the bearing of the center. 
Second. Estimate its distance. 
Third. Plot its apparent path. 


The first two of the above determinations will locate the approximate position 
of the center, which should be marked on the chart. The ealition between the 
position of the ship and the position and prospective track of the center will indicate 
_ the proper course to pursue (a) to enable the vessel to keep out of or escape from the 

dangerous semicircle and to avoid the center of the storm; (5) to enable the vessel 
to ride out the storm in safety if unable to escape from it. 

Should the ship be to the westward -of the storm center before the path has 
recurved, it may be assumed that the latter will draw nearer more or less directly. 
It then becomes of the utmost importance to determine its path and so learn whether 
the vessel is in the right or left semicircle of the storm area. 

The right and left semicircles lie on the right and left hands, respectively, of an 
observer standing on the storm track and facing in the direction the center is moving. 
Prior to recurving, the winds in that semicircle of the storm which is more remote from 
the equator (the right-hand semicircle in the Northern Hemisphere, the left-hand 
semicircle in the Southern) are liable to be more severe than hess of the opposite 
semicircle. A vessel hove-to in the semicircle adjacent to the equator has also the 
advantage of immunity from becoming involved in the actual center itself, inasmuch 
as there is a distinct tendency of the storm to move away from the equator and to 
recurve. For these reasons the more remote semicircle (the right hand in the North- 
ern Hemisphere, the left hand in the Southern Hemisphere): has been called the 
dangerous, while that semicircle adjacent to the equator (the left hand in the North- 
ern Hemisphere, the right hand in the Southern Hemisphere) is called the navigable. 

In order to determine the path of the storm and consequently in which semicircle 
the ship finds herself, it is necessary to wait until the wind shifts. When this occurs, 
plot a new position of the center 10 points (112°) to the right of the new direction of 
the wind as before, and the line joining these two positions will be the probable path 
of the storm. If the ship has not been stationary during the time between the two 
sets of observations (as will indeed never be the case unless at anchor), allowance 
must be made for the course and distance traveled in the interim. 

Two bearings of the center with an interval between of from 2 to 3 hours will, in 
general, be sufficient to determine the course of the storm, provided an accurate 
account is kept of the ship’s way, but if the storm be moving slowly a longer interval 
will be necessary. 

Should the wind not shift, but continue to blow steadily with increasing force, 
and with a falling barometer, it may be assumed that the vessel is on or near the storm 
track. Owing to the slow advance of storms in the Tropics, a vessel might come with- 
in the disturbed area through overtaking the center. In such a case a slight decrease 
in speed would probably be all that would be necessary, but it should be borne in 
mind that the storm ay is by no means tonstant either in speed or direction, and 
that it is particularly liable to recurve away from the equator. 

A vessel hove-to in advance of a tropical cyclonic storm will experience a long 
heavy swell, a falling barometer with torrents of rain, and winds of steadily increasing 
force. The shifts of wind will depend upon the position of the vessel with respect to 
the track followed by the storm center. Immediately upon the track, the wind will 
hold steady in direction until the passage of the central calm, the ‘‘eye of the storm,” 
after which the gale will renew itself, but from a direction opposite to that which it 
previously had. To the right of the track, or in the right-hand semicircle of the storm 
the wind, as the center advances and passes the vessel, will constantly shift to the 
right, the rate at which the successive shifts follow each other increasing with the 
proximity to the center; in this semicircle, then, in order that the wind shall draw aft 
with each shift, and the vessel not be taken aback, a sailing vessel must be hove-to 
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on the starboard tack; similarly, in the left-hand semicircle, the wind will constantly 
shift to the left, and here a sailing vessel must be hove-to on the port tack so as not to 
be taken aback. These two rules hold alike for both hemispheres and for cyclonic 
storms in all latitudes. 

It must not be forgotten that the shifts of wind will only occur in the above 
order when the vessel is stationary. When the course and speed are such as to main- 
tain a constant relative bearing between the ship and storm center, there will be no 
shift of wind. Should the vessel be outrunning the storm, the wind will indeed shift 
in the opposite direction to that given, and a navigator in the right semicircle, for 


FIGURE 128. 


instance, judging only by the shifts of wind without taking into account his own run, 
might imagine himself on the opposite side. In such a case the barometer must be 
the guide. If it falls, one is approaching the center; if it rises, one is receding. 

An examination of figure 128 shows how this is. A vessel hove to at the position 
marked b, and being passed by the storm center, will occupy successive positions in 
regard to the center from b to 64, and will i Serres shifts of wind, as shown by the 
arrows, from East through South to SW. On the other hand, if the storm center 
be stationary or moving slowly and a vessel be overtaking it along the line from 64 
to 6, the wind will back from SW. to East, and 1s likely to convey an entirely wrong 
impression as the location and movement of the center. 

Hence it is recommended that a vessel suspecting the approach or proximity 
of a cyclonic storm should stop (if a sailing ship heave to on tha starboard tack) 
for a while until the path of the center is located by observing the shifts of the wind 
and the behavior of the barometer. 
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_If the wind remains steady in direction and increases in force in heavy squalls 
while the barometer falls rapidly, say, at a greater rate than 0.03 of an inch per hour, 
the vessel is probably on or near the track of the storm and in advance of the center. 

_ In this position, with plenty of sea room, the proper course is to run with the 
wind well on the starboard quarter, if north of the uator, and on the port quarter 
if south. The vessel will thus be in the navigable semicircle and be constantly 
increasing her distance from the center. The wind will draw more forward as she 
ee from the center, but the compass course first set should be adhered to until 
well clear. 

The procedure is the same if the observations place the ship anywhere within 
the navigable semicircle. 

The most critical situation is that of a vessel finding herself in the forward 
quadrant of the Srey ah semicircle, particularly if at some distance from the 
center, where the wind shifts but slowly and the barometer indications are undecided, 

th causes combining to render the bearing of the center uncertain. 

The general object, however, of putting as much distance as possible between 
the ship and the storm center should be kept in view. 

With steamers this may not be difficult, although, should the storm be recurv- 
ing, the course first set may have to be subsequently altered in order to continue to | 

Ww away. 

A sailing vessel will be set by the wind directly toward the path of the storm 
and may become involved with the center without being able to avoid it. If so 
caught In the dangerous semicircle, a sailing vessel should haul by the wind on the 
starboard tack when in north latitude (on me pert tack in south latitude), keep com- 
ing up as the wind draws aft, and carry sail as long as the weather permits. If 
obliged to heave to, do so on the starboard tack in north latitude and on the port 
tack in south latitude. 

This maneuver, while it may not carry a vessel clear of the storm track, will 
make the best of a bad situation. 

A vessel so hove to will find the shifts of wind drawing aft, enabling her to come 
up to them instead of being headed off, as would be the case on the other tack. 

Moreover, since the sea changes its direction less rapidly than the wind, the 
vessel will come up more nearly head on to the old sea, instead of having it more 
abeam as on the opposite tack. 

A general rule for sailing vessels is always to heave to on whichever tack permits 
the shifts of wind to draw aft. 

Figure 128, representing a cyclonic storm in the Northern Hemisphere after 
recurving, illustrates graphically these rules for sailing vessels. 

For simplicity the area of low barometer is made perfectly circular and the 
center is assumed to be ten points (112°) to the right of the direction of the wind at 
all points within the disturbed area. Let us assume that the center is advancing 
about NNE. (22°), in the direction of the long arrow, shown in heavy full line. The 
ship a has the wind at ENE. (67°); she is to the left of the track, or technically in 
the navigable semicircle. The ship } has the wind at ESE. (112°) and is in the dan-. 
gerous semicircle. As the storm advances these ships, if lying to, a upon the port 
tack, 6 upon the starboard tack, as shown, take with regard to the storm center the 
successive positions @,, a2, etc., 5,, b;, etc., the wind of ship a shifting to the left, of 
ship 6 to the right, or in both cases drawing aft, and thus diminishing the probability 
of either ship being struck aback, with possible serious damage to spars and rigging, 
a danger to which a vessel lying to on the opposite tack (1. e., the starboard tack in 
the left-hand semicircle or the port tack in the nmght-hand semicircle) is constantly 
exposed, the wind in the latter case tending constantly to draw forward. This ship 
6 is continually beaten by wind and sea toward the storm track. The ship ais dnfted 
away from the track and should she be able to carry sail would soon find better 
weather by running off to the westward. 

Should steamers find it necessary to heave to the method of doing so must depend 
upon the position within the storm area. 

A steamer is concerned more with the damage resulting from heavy seas than 
from wind; furthermore a steamer is not dependent for the course upon the direction 
of the wind, but is free to maneuver to keep away from the storm center, where the 
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heaviest and most confused seas are found, unless other circumstances, such as 
proximity to the land, prevent. 

If unable to escape from the storm, and this can be done only in low latitudes 
when the storm covers & comparatively limited area, the principal object of a steamer 
is to avoid the center of the storm. 

Referring to figure 128, it is obvious that in the Northern Hemisphere if a steamer 
finding herself in the left-hand (navigable) semicircle at a or a—1 should obey the rule 
for sailing vessels and heave to on the port tack, her head will lie toward the storm 
track and the greatest danger. On the other hand, under the same circumstances, if 
the steamer heaves to on the starboard tack, her head will lie away from the storm 
track and such headway as is made will all be in the direction of safety. 

Following the same reasoning, a steamer in the Northern Hemisphere caught in 
the right-hand (dangerous) semicircle at b, b-1 (fig. 128) and obliged to heave to 
should do so head to sea, because in this case both the wind and sea are constant] 
‘alent her toward the storm track, and then lying to, head to sea, less leeway wi 
be made than in any other position. 

Many steamers behave better when hove to with the sea astern, or on the quarter, 
but the adoption of this method must depend upon the position of the vessel within 
the storm area. Referring again to e 128, it will be clearly seen that, in the 
Northern Hemisphere, if in the forward quadrant of the left-hand semicircle at posi- 
tions a, a-1, a steamer may safely heave to with the sea astern or on the starboard 
quarter. This course, however, should never be attempted when in the forward 
quadrant of the right-hand semicircle (positions 6, b-1) for the reason that an 
headway made would be, in all probability, toward the storm center where the high 
and confused seas would be likely to inflict damage. 

If, in spite of all endeavors, the storm center should pass directly over a vessel 
she will experience a short period of calm, but the seas will be high, confused, and 
dangerous, being swept in from all directions. After a short interval the wind will 
burst with hurricane force from a point directly opposite to that from which it was 
oes before, and the vessel must be prepared to meet it and to avoid being caught 
aback. 

Maneuvering rules.—The rules for maneuvering, so far as they may be gener- 
alized, are: 


NORTHERN HEMISPHERE 


Right or dangerous semicircle——Steamers: Bring the wind on the starboard bow, 
make as much way as possible, and if obliged to heave to, do so head to sea. Sail- 
ing vessels: Keep close-hauled on the starboard tack, make as much way as possible, 
and if obliged to heave to, do so on the starboard tack. 

: Left or navigable semicircle—Steam and sailing vessels: Bring the wind on the 
starboard quarter, note the course and hold it. If obliged to heave to, steamers 
may do so stern to sea; sailing vessels on the port tack. 

On the storm track, in front of center.—Steam and sailing vessels: Bring the wind 
two points (22°) on the starboard quarter, note the course and hold it, and run for the 
left semicircle, and when in that semicircle maneuver as above. : 

On the storm track, in rear of center.— Avoid the center by the best practicable 
route, neon due regard to the tendency of cyclones to recurve to the northward 
and eastward. 

SOUTHERN HEMISPHERE 


Left or dangerous semicircle.—Steamers: Bring the wind on the port bow, make 
as much way as possible, and if obliged to heave to do so head to sea. Sailing vessels: 
Keep close-hauled on the port tack, make as much way as possible, and if obliged to 
heave to do so on the port tack. 

Right or navigable semicircle.—Steam and sailing vessels: Bring the wind on the 
port quarter, note the course and hold it. If obliged to heave to, steamers may do so 
stern to sea; sailing vessels on the starboard tack. 

On the storm track, in front of center.—Steam and sailing vessels: Bring the wind 
two points (22°) on the port quarter, note the course and hold it and run for the nght 
semicircle, and when in that semicircle maneuver as above. 

541524°—42—20 
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On the storm track, in rear of center.—Avoid the center by the best practicable 
route, nae due regard to the tendency of cyclones to recurve to the southward and 
eastward. 

The above rules depend, of course, upon having sea room. In case land inter- 
way : vessel should heave to, as recommended for the semicircle in which she finds 

erself. 

Weather forecasting.—Until the invention of the telegraph, forecasts of the 
weather were necessarily based upon weather indications at the observer’s position 
only. After years of close observation of the weather, mariners, for example, grew 
familiar with the indications afforded by the barometer, the winds, the clouds, and 
other signs until they could foretell the approach of severe storms. They lacked 
sufficient knowledge, however, to forecast in detail the common day to day changes 
of weather, wind, and temperature. With modern improvements the forecaster 
who must forecast entirely from local indications may after long experience tell 
with accuracy the weather for his locality a short period in advance of its arrival. 
Since he has no information of current weather a few hundred miles away, his forecast 
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FIGUEB 129.—Best known storm tracks of world. (Dotted lines, tropical cyclones; solid lines, extra-tropical cyclones.) 
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is limited in range of time to the ensuing few hours, rarely beyond 24 hours, and in 
space usually to the area within a few miles of his place of observation. Moreover, 
since cloud forms and other weather characteristics that forerun certain changes in 
one locality often precede quite different weather in another locality, the method of 
forecasting from local indications can be used to a great extent only by one who has 
had long experience in the place for which he is forecasting. In order to forecast in 
detail from local indications, the forecaster must usually have available for ready 
reference accurate records of past fluctuations of barometric pressure, wind, tempera- 
ture, and humidity, and changes in cloud forms with the weather attending them. 
Modern meteorological instruments make it possible to keep continuous records of 
many important weather elements automatically. Some elements, such as the appear- 
ance of the sky, can be recorded only by personal observation. Each day the fore- 
caster studies the current records of his instruments, observes closely the cloud forms 
and the direction of movement of the different layers, the appearance of the sky, and 
certain other indications, and compares them with records of past weather. With 
sufficient experience he is able to recognize significant characteristics in the present 
weather and from these to foretell the weather which is to be expected during the next 
few hours. There are other factors affecting local weather which must be studied 
by the forecaster. Among these are the PODOETAD IY OF his locality and the meteorologi- 
cal conditions in the air far above the surface. Daily data of winds, temperatures, 
pressures, and humidities in the upper layers of the atmosphere are of very great 
Importance, and their use in local forecasting is increasing. 
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The method now most commonly used in forecasting weather is based upon 
the use of daily weather maps. (See fig. 130.) Most of the large countries have 
established Government weather services each of which, after a study of the current 
weather map, publishes daily by telegraph and radio a forecast of weather for the 
ensuing 24 hours or more over its territory and adjacent waters 

The method of making forecasts can be ss ira but briefly here. Reports of 
local weather conditions from many stations Scattered over the country and from 
ships at sea are telegraphed several times daily to the central office of the weather 
service. In the United States and Europe four observations a day are available. 
After these simultaneous reports are plotted on charts, the forecaster draws the iso- 


bars and fronts after having studied all the information available. This information 
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FIGuRE 130.—Dally weather map. 


consists of barometric pressure, temperatures, dew points, wind direction, wind veloc- 
ity, state of the sky, the clouds, the pressure tendencies, pilot balloon observations 
showing wind direction and velocity at different levels, and available airplane observa- 
tions giving pressures, temperatures, and humidities at different levels up to 4 or 5 
kilometers. After having studied all these data carefully he is able to determine the 
different air masses cavolved and to picture the atmospheric processes taking place. 
Methods have also been developed whereby the movement of fronts and centers may 
be calculated from the pressures and pressure tendencies. Also, studies have shown 
when to expect the genesis and dissipation of fronts and highs and lows. The fore- 
caster with his previous study and experience is able then to make reliable deductions 
as to the movements of and changes in the fronts, highs and lows and their effect on 
-subsequent weather processes. 

By use of a weather map forecasts can be made for a larger territory and for 
longer periods of time than is possible using local indications alone. Forecasts for 
the ensuing 24 to 36 hours can usually be made from a weather map. Attempts 
have been made to forecast over a longer range of time. Forecasts exceeding in 
time the ensuing 36 hours can sometimes be made with confidence but they must be 
expressed in very general terms. Long-range forecasts of elements such as tempera- 
ture and euinfall Gocering a month or a season in a general way have been minds at 
times based upon averages or other factors, but these are worthless in forecasting 
the weather on any particular day. 


296 CYCLONIC STORMS 


When very detailed forecasts of weather are required it is usually necessary to 
combine the use of the two methods described above. A weather map interpreted 
in the light of local observations makes it pogsible for a forecaster to draw very definite 
inferences of ensuing winds and weather giving approximate times of occurrence 
and other details. Here, again, careful aad: continuous study of local observations 
and experience in recognizing local indications are essential. The forecaster must 
observe almost hourly the a area ‘features of weather, especially of clouds and 
wind, in the locality for which he is forecasting. Local forecasts in detail made in 
this manner have become very important at large aviation bases since the develop- 
ment of aerial navigation. 

As explained in preceding articles the factors which determine weather are 
numerous and vast, and many of them are imperfectly understood. The fore- 
casting of weather is not an exact science which can be reduced to brief laws. Pro- 
ficient forecasting is, like an art, acquired. through study and long practice. A 
glance at the barometer or at a “high” or a “low” on the weather map is not suffi- 
cient to say whether tomorrow be fair or foul. Although a high or rising 
barometer typically brings fair weather, and a low or rapidly falling barometer 
usually means a storm, there are many “highs” which are accompanied by wind 
and rain, and many “lows’’ which bring clear skies. The beginner who attempts 
to foretell the common day to day changes in weather will find indeed that the 
weather is changeable. It is not within the scope of these chapters to give a detailed 
discussion of the subject. To understand the weather better it is necessary to go 
into a study of the broader aspects of meteorological science and its kindred 
subj oe physics and mathematics. The reader may study these from modern 
textdooks. 

Broadcasting weather information.—For the assistance of marine, aviation, 
agricultural, and other interests, almost every large country now publishes daily 
forecasts of the weather expected over its territory and adjacent waters. The fore- 
casts are distributed in various ways. Storm warnings are made public by visual 
signals, such as a combination of pennants or lights displayed from towers in various 
ports. Shipping authorities on land are kept informed by telegraph and telephone, 
while radio 1s used to advise masters of ships at sea. Almost every maritime country 
broadcasts by radio at certain hours daily a forecast for its territory and surrounding 
waters which may be picked up by the mariner whether in port or at sea. The forecast 
messages usually are in ordinary language and cover the weather for the ensuing 12 
to 24 hours. The proper use of these forecasts frequently enables the navigator to 
adjust his course or his schedule so as to avoid gales, thick weather, or fog. ie fornias 
tion regarding the time and other particulars of the distribution of weather advices 
may be obtained by writing to the weather services of the various countries. 

There are many times when the individual, the mariner or the aviator, for example, 
needs more definite information of approaching weather than can be included in the 
forecast from a central office. The best source of this information is a weather map 
of the region. Many countries therefore broadcast daily in addition to the message 
containing forecasts in ordinary language, a collection of synoptic reports in simple 
figure code from which the mariner or the aviator may draw up maps for his own use. 
These coded synoptic reports usually contain the following data from simultaneous 
observations taken at a number of representative land stations and ships: (1) Name of 
station or position of ship; (2) direction and force of wind; (3) state of weather; (4) 
barometric pressure reduced to sea level; (5) visibility; and (6) current temperature. 
From these data the mariner is able to construct in a few minutes a weather map and 
draw therefrom certain conclusions for himself. It is unlikely that the average mariner 
will care to go sufficiently into a study of forecasting to enable him to foretell the small 
everyday changes in weather, but he may without extensive study recognize on the 
weather map the severe cyclonic storms which may prove dangerous. He may also, 
after some experience, come to recognize various types of ‘“‘lows’’ and recall the winds 
and weather which usually attend the respective quadrants of these types in different 
regions of the globe. 

A forecasting service carried on from a vessel at sea is very valuable over those 
parts of oceans not covered by forecasts from land weather services. In regions 
subject to tropical storms, known as hurricanes, typhoons, etc., there is an organized 
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service for giving warning of the location and movements of such storms to vessels 
in the vicinity. Ship masters can render aid of high value to meteorological services 
which issue warnings of a a storms by eee provision of article 34 of the 
Convention for Safety of Life at Sea, signed in London on May 31, 1929, which 


imposes the duty on ship masters to give notice to competent authorities when a 
dangerous tropical storm is met. 


CHAPTER XXIII 
ICE MOVEMENT IN THE NORTH ATLANTIC OCEAN 


Ice.—Vessels crossing the Atlantic Ocean between Europe and the ports of the 
United States and British America are liable to encounter icebergs or extensive 
fields of compact ice, which are carried southward from the Arctic region by the 
ocean currents. It is in the vicinity of the Great Bank of Newfoundland that these 
masses of ice appear in the greatest numbers and drift farthest southward. The 
secompenyine charts show the changeable area in which icebergs and field ice have 
been reported by mariners in the years 1912 and 1919 to 1923 in the months of April 
May, and June, when they occur in the greatest number. 

The amount of ice and its location and movement are so variable from year to 
year, while the region occupied in its formation and transportation is so vast and 
so little under special observation, that no successful system of prediction has as yet 
been instituted. The most that can be said now is that after an exceptionally open 
winter in the Arctic we may expect the ice to come south earlier and in greater quan- 
tity. After such a winter the East Greenland current starts the ice stream around 
Cape Farewell from 1 to 3 months earlier, and this advancing of the season is reflected 
by a corresponding advance in the Labrador Current and on the Newfoundland 
Bank. The greatest calving at the glaciers of Greenland follows the breaking up of 
the shore ice, and hence fie bares also start southward earlier and with more feadon 
after an open winter. 

In April, May, and June icebergs have been seen as far south as latitude 37°50’ N. 
and as far east as longitude 38° W. Exceptional drifts have occurred almost down to” 
latitude 30° N., and between longitudes 10° and 75° W., in these months as well as 
during other seasons of the year. Between Newfoundland and the 40° parallel 
floating ice may be met in any month, but not often from August to December.. On 
the Great Bank of Newfoundland bergs generally move southward. Those that drift 
westward of Cape Race usually pass between Green and St. Pierre banks. The 
Mae Rocks are generally surrounded by ice until the middle of April or the beginning 
of May. . 

Iceberg origin.—Most of the bergs which annually appear in the North Atlantic 
originate on the western coast of Greenland; a few come from the east coast and from 
Hudson Bay. A small but productive glacier in southern Greenland yields the bluish 
bergs which are so hard to see at night. The largest bergs come from the glaciers at 
Umanak Fjord and Disko Bay (Lat. 69° to 71°), and their height above water will rise 
to 500 feet; but as they lose in mass from that time forward, we cannot expect to find 
them of such gigantic height when they finally appear near the Newfoundland Bank. 

A huge ice sheet, formed from compressed snow, covers the whole of the interior 
of Greenland. The surface of this enormous glacier, only occasionally interrupted 
by protruding mountain tops, rises slightly toward the interior and forms a water- 
shed between the east and west coasts, which is estimated to be from 8,000 to 10,000 
feet above the sea. The outskirts of Greenland, as they are called, consist of a 
fringe of islands, mountains, and promontories surrounding the vast ice-covered 
central portion and varying in width from a mere border up to 80 miles. Upon the 
west side, below the parallel of 73° of latitude, it has an average width of about 50 
miles and extends with little interruption from Cape Farewell to Melville Bay, a 
distance of something over 1,000 miles. 

Everywhere this mountainous belt 1s penetrated by deep fjords, which reach 
to the inland ice, and are terminated by the perpendicular fronts of huge glaciers, 
while in some places the ice comes down in broad projections close to the margin 
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of the sea. All of these glaciers are making their way toward the sea, and, as their 
ends are forced out into the water, they are broken off and set adrift as bergs. This 
eat is called calving. The size of the pieces set adrift varies greatly, but a berg 
rom 60 to 100 feet to the top of its walls, whose spires or pinnacles may reach from 
200 to 250 feet in height and whose length may be from 300 to 500 yards, is con- 
sidered to be of ordinary size in the Arctic. These measurements apply to the part 
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above water, which is about one-eighth or one-ninth of the whole mass. Man 
authors give the depth under water as being from eight to nine times the height 
above; this is incorrect, as measurements above and below water should be referred 
to mass and not to height. 

Bergs are being formed all the year round, but in greater numbers during the 
summer season; and thousands are set adrift each year. 

Once adrift in the Arctic they find their way into the Labrador Current and begi 
their journey to the southward. It is not an unobstructed drift, but one attended 
with many stoppages and mishaps. Many ground in the Arctic Basin and break up 
there; others reach the shores of Labrador, where from one end to the other they 
continually ground and float; some break up and disappear entirely, while others get 
safely past and reach the Grand Bank. The whole coast of Labrador is cut up by 
numerous islands, bays, and headlands, shoals and reefs, which makes the journey of 
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all drift a long one, and adds greatly to the destruction of the is gh by stoppages and 
by causing them to break up. Disintegration is also has their’ b 
away from the floe ice, for detached hersa wi will melt and break up rapidly even in 
latitudes during the summer. 

Ice-bearing currents.—The Labrador Current passes to the southward along the 
coasts of Baffin Land and Labrador, and, although it occasionally ceases altogether, 
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its usual rateis from 10 to 36 miles perday. Near the coast it 1s very much influenced 
by the winds, oe reaches its maximum rate after those from the northward. The 

eneral drift of the current is to the southward, as shown by the passage of many ice- 

ergs, although occasions have arisen on which these have been observed to travel 
northward without any apparent reason. The breadth and depth of the current are 
not known, but it is certain that it pours into the Atlantic enormous masses of water 
for which compensation is derived from the warm deta of the Atlantic and from 
the East Greenland Current that flows around Cape Farewell. The flow of the 
Polar Current down the east coast of Greenland has 5 beati abundantly demonstrated 
by the drift of vessels that have been beset in the ice pack to the eastward of Green- 
land. This current turns around Cape Farewell, with an ice stream 60 miles wide, 
‘and then takes a northwesterly direction along ‘the Greenland coast as far as the 
Arctic Circle, where it meets the southerly current from Baffin Bay. 
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Drift and iceberg characteristics.—Not all the bergs made in any one season 
find their way south during the following one, for only a small percentage of them ever 
reach trans-Atlantic routes. So many delays attend their journey and so irregular 
and erratic is it that many bergs seen in any one season may have been made several 
seasons before. If bergs on their calving at once drifted to the southward and met 
with no obstructions their journey of about 1,200 to 1,500 miles would occupy from 
4 to 5 months, reckoning the drift of the Labrador Current at 10 miles a day, which 
may be making it too little. Then, if bergs were liberated principally in July and 
August they should reach trans-Atlantic routes in December and January, while we 
know this to be the rare exception. It is then seen what an important bearing the 
shores of Labrador have in arresting their flow, when it is known that bergs are gener- 
ally most plentiful in the late spring and early summer months off the Bank. 

All bergs do not follow the same course when set adrift from their parent glaciers, 
for, like at ee at the head of a river, some will go direct to the mouth, others 
will go but a short distance and lodge, others will accomplish half the journey and 
remain until another freshet again floats them, so that in the end the debris will be 
composed in part of that of several years’ production. 

ergs, when first liberated on the west Greenland shore, are out of the strongest 
sweep of the southerly current, and they may take some months to find their way out 
of Davis Strait, while again others may at once drift into the current and move unob- 
structed until dissipated in the Gulf Stream. The difference in time of two bergs 
peecune a low latitude, which were set adrift the same day, may cover a period of 1 or 
years. 

Field ice also offers an obstruction to bergs, and a close season in the Arctic may 
prevent their liberation to a great extent, though, from their deep submersion, they 
act as ice plows and aid materially in breaking up the vast fields of ice which so often 
close the Arctic Basin. 

Ice fields are more affected by wind than bergs. Bergs owe their drift almost 
entirely to current, so that they will often be noticed forcing their way through 
immense fields of heavy ice and going directly to windward. Advantage is taken of 
this by vessels in ice fields, which often moor to bergs and are towed for miles through 
ice in which they could not otherwise make any headway. This is accomplished by 
sinking an ice anchor into them, and using a strong towline, and as the berg advances 
open water is left to leeward while the loose ice floats past on both sides. For the 
same reason vessels, when beset by field ice, run from the lee of one berg to that of 
another, as leads may offer themselves. 

Instances are not rare where icebergs were seen to drift toward north, making 
15 to 24 miles a day, near the tail of the Bank and to the eastward of Cape Race. 

All ice is brittle, especially that in bergs, and it is wonderful how little it takes 
to accomplish their destruction. A blow of an ax will at times split them, and the 
report of a gun, by concussion, will accomplish the same end. ey are more apt 
to break up in warm weather than cold, and whalers and sealers note this before 
landing on them, when an anchor 1s to be planted or fresh water to be obtained. On 
the coast of Labrador in July and August, when it is packed with bergs, the noise of 
rupture is often deafening, and those experienced in ice give them a wide berth. 

When they are frozen the temperature is very low, so that when their surface is 

to a thawing temperature the tension of the exterior and interior is very differ- 
ent. Then, too, during the day water made by melting finds its way into the crevices, 
freezes, and hence expands, and, acting like a wedge, forces the berg into fragments. 
It is the greatly increased surface which the fragments expose to the melting action 
of the oceanic waters that accounts for the rapid disappearance of the ice after it has 
reached the northern edge of the warm circulatory drift currents of the North Atlantic 
Ocean. If these processes of disintegration did not go on and large bergs should 
remain intact, several years might elapse before they would melt, and they would 
ever be present in the transoceanic routes. In fact, instances are on record in which 
masses of ice, escaping the influences of swift destruction or possessing a capability 
for resisting them, have, by phenomenal drifts, passed into European waters and 
been encountered from time to time throughout that portion of the ocean which 
stretches from the British Isles to the Azores. 
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Icebergs assume the greatest variety of shapes, from those approximating to 
some regular geometric figure to others crowned with spires, domes, minarets, and 
eaks, while others still are pierced by deep indentations or caves. Small cataracts 
fall from the large bergs, while from many icicles hang in clusters from every pro- 
jecting ledge. They ie ciently have outlying spurs under water, which are as 
dangerous as any other sunken reefs. For this reason it is advisable for vessels to 
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give them a wide berth, for there are cases on record where vessels were seriously 
damaged by striking when apparently clear of the berg. Among these is that of the 
British steamship Nessmore, which ran into a berg in latitude 41°50’ N., longitude 
52° W., and stove in her bows. On docking the vessel a long score was found 
extending from abreast the forerigging all of the way aft, just above the keel. Four 
frames were broken and: the plates were almost cut through. The ship evidently 
struck a projecting spur after the helm had been put over, as there was clear water 
between the vessel and the berg after the first collision. 

It is generally best to go to windward of an iceberg, because the disintegrated 
fragments will have a tendency to drift to leeward while open water will be found to 
windward. Serious injury has occurred to vessels through the breaking up or cap- 
sizing of icebergs. Often the bergs are so nicely balanced that the slightest melting 
of their surfaces causes a shifting of the center of gravity and a consequent turning 
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over of the mass into a new position, and this overturning also frequently takes 
place when bergs, drifting with the current in a state of delicate equilibrium, touch 
the ocean bottom. 7 

Field Ice.—Field ice is formed throughout the region from the Arctic Ocean to 
the shores of Newfoundland and yearly leaves the shore to find its way into the 
path of commerce. Starting with the Arctic field ice and coming to the southward, 
this ice is found growing lighter, both in thickness and in quantity, until it disappears 
entirely. Ice made in the Arctic is heavier and has lived through a number of seasons. 
After the short summer in high latitudes ice begins to form on all open water, in- 
creasing several feet in thickness each season. Much of this remains north during 
the following summer, and, though it melts to some extent, it never entirely disap- 
pears, so that each succeeding winter adds to its thickness. 

This continues from year to year until it reaches 12 or 15 feet in thickness, often 
more. If it remained perfectly quiet it would be of uniform thickness, increasing 
with the latitude, but it is in a state of almost continual motion, often a very violent 
one, which causes it to raft and pile until it becomes full of hummocks and other 
irregularities. Immense fields are detached from the shore and from other fields, 
and under the influence of winds, currents, and tides are set in motion and kept 
continually drifting from place to place; after a snow, thaw, or piling the cial 
becomes cemented together into solid pieces, when under the influence of a low 
temperature. The space of open water between the fields becomes frozen, joining 
smaller fields, and making a solid pack which will remain so until the elements again 
break it to pieces. Along the shores from headland to headland the bays and inlets 
often remain solid for years, almost invariably through the Arctic winter, but in 
Baffin Bay and Davis Strait open water can be found at intervals all the year round. 

Ice becomes rafted in a variety of ways. If two fields are adrift the one to 
windward will drift down on the one to leeward; the one which is rougher on its 
surface gives the wind a better hold and drifts the faster; fields may be impelled 
towards each other by winds from contrary directions. Ice that is secure to the 
shore is rafted on its seaward edge from contact with that which is adrift. Fields 
in drifting often have a turning motion, which is caused by contrary currents, or one 
variable in strength at different places, or by the friction of a field coming in contact 
with another field afloat or one attached to the shore. This rotary motion is espe- 
cially dangerous when a vessel finds itself between two fields. A heavy gale will 
break up the strongest fields at times and cause them to raft and form hummocks. 

Small fragments of bergs find themselves mingled with Arctic fields and become 
frozen fast. These, when liberated to the southward, are called growlers, and form 
low, dark, indigo colored masses, which are just awash and rounded on top like a 
whale’s back. ‘They are very dangerous when in ice fields which have become loose 
enough to permit the passage of vessels through them, and should always be looked 
for; they can be seen apparently rising and sinking as the sea breaks over them. 

ing the spring and summer months the bergs, aided by a rise of temperature, 
so cut up and weaken the ice fields that much ice is loosened and begins drifting out 
of the Arctic basin. This is joined by that brought from the waters of Spitzbergen by 
the East Greenland Current, near the 63° parallel, whence it flows down the eastern 
coast of North America, reaching Cape Chidley about October or November. By 
this time the remaining ice in the Arctic is being cemented into solid fields, while the 
ice cap is being daily extended to the southward. As fast as fields are detached the 
open water freezes, and these masses are forced to the southward and cannot rejoin 
the solid pack. With a westerly wind ice formed in Hudson Strait and adjacent 
waters is swept out and joins the Arctic ice, differing from it only in being a little 
lighter. ° 
. Ice begins to form at Cape Chidley about the middle of October, at Belle Isle 
about November 1, and by the middle of November or 1st of December, the whole 
coast is solidly frozen. The dates given are approximate and vary from year to 
year, with many marked exceptions. 

The string of ice along the coast of Labrador extends from headland to head- 
land, including the outlying islands, and starting from the heads of the bays works 
its way out to seaward, forming by the middle of December an impassible barrier 
to the shore which will probably not be permanently broken until the latter part of 
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April. This ice varies in thickness from 12 feet at the northern extreme to 3 or 4 
feet at the southern. During the entire winter the Arctic drift is finding its way 
down the coast, and is being continually feinforced by fields broken from the Labrador 
ice. These continue to the southward in the Labrador Current on an average of 
about 10 miles a day, reaching Belle Isle between the middle of January and the 
middle of February. 

The best example on record of a continued drift from the Arctic is that of Cap- 
tain Tyson. On October 14, 1871, he and a party of 19 others were separated from 
the United States surveying ship Polaris, in latitude 77° or 78° N., just south of 
Littleton Island, and, being unable to regain the ship, remained on the floe and 
accomplished one of the most wonderful journeys. After a drift of over 1,500 miles 
fraught with danger from beginning to end, they were picked up about 6 months 
later, April 30, 1872, by the Txgress, a sealing steamer from Newfoundland, near the 
Strait of Belle Isle, in latitude 53°35’ N., and carried safely into port. 

Much delay in the southward movement of the dnft will be caused by winds 
from the southward of west, as field ice is affected more by wind than current. 
The prevailing wind and weather will influence the drft very greatly. Strong 
northerly or northwest winds will increase its speed, but contrary winds will hold it 
back. The string of shore ice keeps the northern ice off the coast and in the current. 
At times westerly winds will also send the Labrador ice off the coast and leave it 
entirely clear, but this does not happen often. Still the outer Labrador ice is con- 
stantly being added to the Arctic flow. Frequently the bays remain frozen over 
until June; again, they are cleared some years in April, making a large variation. 
During the drift the wind from northwest to southwest will clear the ice off the 
coast and leave a line of open water, but the ice will be set on the coast by a northeast 
wind and be rafted and piled. The appearance of the ice when it reaches Belle Isle 
and to the southward would be a fair indication of the weather it had encountered 
on its way down. The rougher the ice the more severe the weather. This floating 
ice string extends approximately 200 miles offshore in the latitude of Cape Harrison, 
and spreads more during ite drift, though narrower farther north. One small stream 
finds its way through the Strait of Belle Isle, while the Sreeier art continues toward 
the northern limit of the Gulf Stream. By the middle of January the shores of 
Newfoundland and Gulf of St. Lawrence are full of ice, which has been frozen there 
and are opened or closed by a favorable or adverse wind. Navigation in the River 
St. Lawrence is closed about the middle of November and does not open until ebout 
May. A wind from northwest to southwest will clear the eastern coast of Newfound- 
land, while the Gulf of St. Lawrence may remain full of ice until the Ist of May. 
Even after this date much ice is found in the Gulf until July, and by August or earlier 
the field ice is replaced in the Strait of Belle Isle by bergs. 

In the bight from Cape Bauld to Fogo Island a string of ice is often found joining 
these points, hemming in the shore for weeks at a time. 

ith each northwest or westerly wind the ice is cleared off the Newfoundland 
coast, except from some of the deeper bays, and carried out to sea, and frequently 
before the Arctic and Labrador ice has passed Belle Isle the Newfoundland ice has 
found its way as far south as latitude 45°. In the same way the Labrador ice some- 
times precedes the Arctic ice, while all may arrive at nearly the same time. Ice 
fields often lose their identity, as coming from any one particular place, by the con- 
stant intermingling on its southern journey with ice made in a lower latitude. 

With easterly winds the field ice and icebergs may block the harbors on the 
east at of: Newfoundland until June or even July, but these harbors are usually 
open in May. 

Ice leaving the gulf and river St. Lawrence flows southward through Cabot 
Strait. This strait is never frozen over completely, but vessels not specially built to 
encounter ice cannot navigate it safely between the perning of January and the last 
of April on account of the heavy drift ice which blocks the passage. Nearly every 
spring, from about the middle of April to the middle of May, a great rush of ice out 
of the Gulf of St. Lawrence causes a block between St. Paul Island and Cape Ray. 
This block, which sometimes lasts for 3 or 4 weeks, and completely prevents the 
passage of ships, is known as the bridge. It 1s recorded that 300 vessels have at one 
time been detained by this obstacle. 
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__ The ice usually passes out of Cabot Strait in the direction of Banquereau Bank, 
with its eastern edge extending halfway between Scatari and St. Pierre Islands. Its 
path broadens after it is through the strait and is principally governed by the 
winds, but under the influence of the current alone, it drifts southwestward, and in 
latitude 45° may be from 10 to 75 miles in width. Much of this ice is very heavy 
and prevents the passage through it of all vessels that are not specially built to en- 
counter ice. 

Ice fields assume a variety of shapes, depending upon the influence of winds 
and currents, and upon their shape on being set adrift. Those loosened in the 
Arctic meet with so many vicissitudes that they have entirely lost their original 
form when a low latitude is reached, while those from Newfoundland may remain 
approximately intact. Their extent 1s governed by the same rules and varies from 
a few scattered pieces to several hundred miles in Jength. 

From off Belle Isle the field ice finds its way south toward the Gulf Stream ~ 
where no definite shape can be given it. In appearance, if heavy ice, it will be white 
covered with snow, and visible at a long distance; even in foggy weather it can often 
be seen for some distance. It is full of hummocks and its surface is very uneven; 
blocks have been piled upon each other, others stood on end, and the whole mass wi 
form an impenetrable field, through which vessels cannot force their way. 

If the 1ce is lighter the pans will be smoother and more even, the angles ground 
down by friction and turned up at the edges like so many e pond lilies. com- 
pact, no water is seen; if loose, wide leads may extend through the whole, or a little 
water be seen surrounding each cake. 

The appearance must decide whether a vessel is warranted in trying to force 
her way through. In a smooth sea, where doubt exists, should a vessel go dead slow 
into the mass, there will be but little danger in attempting it, and if too heavy she 
can haul out. Often the weather edge is the heaviest from being rafted, when to 
leeward it may be scattering. An ice field will often form a good lee for riding out a 
gale of wind, as it will break the force of the sea. But care is necessary not to lie 
too close, for the pans are often given such a force that they will stave in the bows 
of the strongest vessel. 

A high temperature will soften field ice and make it very rotten, so that the 
slightest motion will cause it to fall to pieces. On reaching the waters of the Gulf 
Stream or a warmer atmospheric temperature it begins to melt, gets soft and spongy, 
and left in a calm will disappear slowly. But, fortunately, there is seldom a time 
when there is not a swell on the sea, and this soon breaks the pans into small pieces, 
thus bringing a greater surface in contact with the melting agency. A heavy gale 
will in a few hours sometimes cause the destruction of a large field by fracture, friction, 
and continued motion, just as a calm, cold night may unite it in a solid mass. Be 

low their way through fields, break them up, and scatter the pieces, as in the Arctic. 

now preserves them and often gives the pate the appearance of standing well out 
of water, and is misleading in this particular. By melting and afterwards freezing 
it adds to the thickness of the ice. ; 

Ice disappearance.—The advancing ice will have reached, in the month of April, 
the northern average limit of the Gulf Stream; and, having spread itself along this 
line both east and west of the fiftieth meridian, it enters the final stage of disintegration 
and rapid disappearance. 

ter reaching this limit of southward movement, many bergs, on account of 
their deep immersion, find their way to the westward to a limited extent, even within 
the current of the Gulf Stream. 

The locality in which ice of all kinds is most apt to be found during the months 
of 5k May, and June lies between latitude 42° and 45° N. and longitude 47° and 

. Here the Gulf Stream and the Labrador Current meet, and the movement 
of the ice is influenced sometimes by the one and sometimes by the other of these 
currents. 

Besides the three charts of monthly limits for April, May, and June, a fourth 
chart is presented showing the general limits within which icebergs and field ice have 
been encountered during the same months. 
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Signs of the proximity of ice—The proximity of ice is indicated by the following. 
described signs: 
Before field ice is seen from deck the ice blink will often indicate its presence. 
On a clear day over an ice field on the horizon the sky will be much paler or lighter 
in color and is easily distinguished from that overhead, so that a sharp lookout should 
be kept and changes.in the color of the sky noted. 
n clear nights, especially when the moon is up, the along the horizon in the 
direction of the ice is markedly lighter than the rest of the horizon. This effect can 
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be noted before the ice is sighted. On a clear, dark starlight night, an {ceberg is 
rarely discernible at a greater distance than a quarter of a mile. 

On a clear day icebergs can be seen at a long distance, owing to their brightness; 
during foggy weather, they may not be perceptible beyond the pace of 100 yards, 
and, when the fog is dense, their first appearance is in the form of a luminous, white 
object if the sun is shining, but, if the sun is not shining, as a dark, sombre mass 
with a narrow streak of blackness at the waterline. 

They can sometimes be detected by the echo from the steam whistle or the 
fog horn. In that case, by noting the time between the blast of a whistle and the 
reflected sound, the distance of the berg, in feet may be approximately found by 
multiplying by 550. The absence of echo is by no means proof that no bergs are near, 
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FIGURE 134. 
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for unless there is a fairly vertical wall, no return of the sound waves can be expected. 

The presence of ihn is often made known by the noise of their breaking up 
and falling to pieces. The cracking of the ice or the falling of pieces into the sea 
makes a noise like breakers or a distant discharge of guns, which may often be heard 
a short distance. 

The absence of swell or wave motion in a fresh breeze is a sign that there is land 
or ice on the weather side. : ‘“ 

The appearance of herds of seal or flocks of murre far from land is an indication 
of the proximity of ice. 

The temperature studies made during the ice patrol show that no definite 
temperature effects of the air can be attributed to the presence of icebergs. Also 
that if there are temperature effects of sea water due to icebergs they are not dis- 
tinguishable from the irregular variations observed. 

In the ice zone ice is more likely to be found in cold water than in warm. So 
when encountering water below 40° in spring and below 50° in early summer, it is 
well to be on guard for ice. In foggy weather it is advisable to keep in water above 
50° while crossing the ice zone, thereby avoiding both ice and fog. 

A reliable sign of icebergs being near is the presence of calf ice. When such 

ieces occur in a curved line, as they may do, especially in calm weather, the parent 
rg is on the concave side of the curve. 

No ship captain can afford to trust any of the above-named signs to the exclu- 
sion of a good lookout. 

A remarkable optical phenomenon was observed one day by the ice patrol of 
1914 when an iceberg which was ordinarly below the horizon was seen raised above 
it, at one time inverted and at another time erect. This phenomenon was observed 
near the Gulf Stream. 

Information regarding ice conditions.—The Hydrographic Office and its branch 
offices receive and disseminate daily by radio the latest information regarding ice and 
other obstructions to navigation, being furnished with the reports of passing vessels 
and the ice patrol ships of the United States Coast Guard, as long as such are in 
service. They also distribute the publications of the Hydrographic Office dealing 
with this topic, namely, the Daily Memorandum, Hydrographic Bulletin (weekly), 
and the Pilot Chart of the North Atlantic Ocean (monthly). 
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Norte.—The correction is to be added to Sidereal Time of 05 Civil Time at Greenwich to obtain Sidereal Time of 05 Civil Time 


at any longitude west of Greenwich; to be subtracted if the longitude is east of Greenwich. 
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STARS, JANUARY 1937 
GREENWICH CIVIL TIME 
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13 110 46.2 110 36.1 101 56.6 91 37.7 88 12.5 81 8.6 «8 4.8 43 58.1 258 61.3 
14 lll 45.3 111 35.2 102 55.8 02 36.9 89 11.6 82 7.8 69 3.9 44 57.3 259 50.4 
15 112 44.5 112 34.4 103 54.9 93 36.0 90 10.8 83 6.9 70 3.1 45 56.4 260 49.5 


GREENWICH CIVIL TIME 


JULY 1937 AUQUST 1937 | NOVEMBER 1937 


Cracis | ~ Eridani | a Arietis a Lyre oe a Aquilz a Cor. Bor.| a Pis. Aus. 
ew Achernar | Hamal Star Vega unki Altair Star Alphecca | Fomathout 
8.9 | Mag. 0.6 | Mag. 2.2 Mag. 0.1 | Mag. 2.1 | Mag. 0.9 Mag. 2.3 | Mag. 1.3 
hm si/ihm s/{hm $s R.A. hm sihm s{i{hm $8 R. A. hm sjihm 8 
12 44 4.9] 1 2.1/2 339.3 | Aug. 1.0 118 34 51.7 |18 51 26.4 |19 47 46.61 Nov. 1.0 |15 32 2.5 (22 54 14.8 
‘ ee ° 6” )«6EDeclination a  . # o 6 )6§ Declination ad  -t 
—59 21.2 | —57 32.9 | +23 10.0 | Aug. 1.0 | +38 43.7 | —26 22.5 | +8 42.3} Nov. 1.0 | +26 55.5 | —29 57.1 
hm hm hm Transit hm h m hm Transit hm hm 
18 7 7 0 7 2B Aug. 1 21 55 22 11 3 7 Nov. 1 12 50 20 11 
Date Date Greenwich Hour Angle for 0b Date 
eo ‘ ° o °e o ° ’ ° o ° ¢ ° ¢ ° o 
1 87 36.5 26 55 6.7 50 57.9 36 62.9 1 166 61.1 56 18.0 
2 88 35.6 27 5 5.8 61 57.1 37 62.0 2 167 50.3 57 17.2 
3 256 45.2 243 41.2 2B 67 58.0 52 56.2 38 61.1 3 168 49.4 58 16.3 
29 §8 4.1 63 55.4 39 50.3 
30 59 3.2 SA 54.5 40 49.4 
GREENWICH CIVIL TIME 
AUGUST 1937 STARS 1937 
B Ceti & Cassiop. a Eridani 
Deneb Kait. Ruchba Achernar al an Mal 
Mag. 2.2 Mag. 2.8 Mag. 0.6 ree 
hm s hm s hms 
0 40 29.0 ] 21 45.1 1 35 2.6 Jan. 1 359 37.4 
. Mar. 15 71 34.7 
. 2% = May 1 117 &4.4 
—18 19.5 +59 54.6 —57 32.8 
hm hm hm 
4 3 444 4 58 
Date GQ. H. A. for 04 
26 323 42.1 313 22.9 309 58.1 
27 324 41.2 314 22.1 310 57.2 
23 325 40. 4 315 21.2 311 56.3 
July 3 256 45. 2 
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EXTRACTS FROM NAUTICAL ALMANAC 


CORRECTION TO BE ADDED TO TABULATED GREENWICH 
HOUR ANGLE OF STARS 
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APPENDIX II 
FORMS FOR WORKING DEAD RECKONING AND ASTRONOMICAL SIGHTS 


FORM FOR DAY'S WORK, DEAD RECKONING 


Lee- | Total 
Compass Course | Var. | Dev. way | error True Course 


Left at departure (or noon) — ...-.-.- N.or8. = 22... E. or W. 
Runto 37 —— keen N.or8.  ...... E.or W. 
ByD.R.at we... N.or8e@  .....-. E. or W. 
Runto  _ —s—Ss een N.or8. ...... E. or W. 
ByD.R.at  —— ee.eee N.or8. = ...... E. or W. 


FORM FOR TIME SIGHT OF SUN’S LOWER LIMB (LINE OF POSITION) 


h. m. s. Se ee ee? ee m™. 8. 
Wel ° scesececece Obs. alt., OO seisdecces Dee «= ......2--- N. or 8. Rast jj ‘eatecdecuac 
C-W, + weeceeccece Corr., + eacecevecece ED a 
o r) 
Chro t 9 £+§+|§j*@Geueoeearce & eseeeceeececoce H. D. + aewrece Q@eoe H D Fe 4 wewwanecnvce 
Cc C ’ + weewweccce SSS A A 
ee G.C.T.Int. 9.222222... G.O.T.Int. 9 .......... 
GC Te: cesses Corr. (Tab. 40) = -..-..---. 
Eq. ts. e-sswccedice His §- ‘esuececcas 
I. Cc ao hes in ta t a 8 
Corr c= = eee RO a Corr eee 
G A T 9 ea e2eeaeonaee Corr ee eaeQanececa BS 
°e a oe m. @ 
Deo. sce ues N.or 8 Eq. ts 8 Swweedncce 
°e t Oo 
DP | wiSimia's is oim's 
oe Oe H. A. At 
| Sr ree OC  ““s2ieJecse 
iD §&£*sesededoes log sec. ..-..-.--. ee eee ee 
O.  “peeeueses log oosec. .......... 
7) ee a 
e | sebeosertiicu log cos wae 
oS logsin sw. eee S10. ( Stcededes 
le. 0 weeedtcces: SN ieee ee 
h. m. 8 
GoAGl:. . ccseecsess 
eA Te oseehcct log hav.@. ......--.. log hav. Z, ...---.-.- 
Z Re ne es 
ham. 8 
Long “oe pe. OF W. 


Plot line of position through D. BR. Lat. and computed longitude, perpendicular to azimuth. 
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ALTEENATIVE FORM FOR TIME SIGHT (LINE OF POSITION) 


h. m. 8. as nd 
Wels necatarler rae Rey... Seecsses DOG... sceccusaun N. or 8. 
C-wW, Pon cee Corr., -.--..-- H. As. Eq. bg ees c-coee 
he, — = (Subtract) 
Me —“t*s*C cc £5. °- Sseedsss nat. hav., ......-- coset, ........ 
CORN 2 ipa oie ees L~d, Pees pat. hav., Peers 
Oo egy 8 ota. > oat, Gebeeneeees nat. hav., ......-- 
Eq. T. (R. A. M. 8.41%), _...-.--.- —— 
(Tab. 30), Corr., § — .....-.-.-- log hav., ...----- 
—_- Lat. sec. ...----- 
Care et) Sewieesbate dec. sec., .-.-.--- 008, ---.---. 
G. H. A. (time) ae here peyicien sin, 
e e ewansacaanae 'e e e@ jseexseseceeu ©3440 i }+;§f:wsee«sev7seeL 
G.H.A. fae, 0 ee — 
L.H.A. (are), = — ——§ -nce----e- Sin Z, ...---.. 
Long, j=  ———§ ssanaescee E. or W. 
FORM FOR TIME SIGHT OF STAR OR PLANET (LINE OF POSITION) 
h. m. 8. oe h. m.s. Te 
Wels. i «eedeans hex ~~... -- Ri Ask; cece Dec, ...- N.or 8. 
O-—W, + wereenese Corr. wecene P-» ecse 
aD . 
Chron. j.......- He; ees 
C.C., Fe eee ad 
Tab. 40 -...-.-.- 
qa. C. T., eeenecne or, G. C. Ts evwceree H. E., ae h, Steaanece log. 8ec.., eoce 
R. A. M. 8.412, ........ — Lc, --..... Ti 3. + -2abes log. sec,..-. log. sec., ---. 
Corr. (Tab. 30) _-_.------ G. He Ay 22223. _ DD;  —Seence log. cosec, .. 
Corr., ..---- CO.) ccseee — 
Qa. 8. T o meme wewe = 2), eaeece : 
R.A.%K,  —« ..------ G. Hy As, nese B32... “Ageeee log. cos, .... 
8—b, = ee log. sin, .... log. sin., ..-. 
_——— 8-L, .«-.-.-- log. sin., .-.- 
Gc Ae +b ae E. or W. — — 
Le Hy. Asj: eccces E. or W. log. hav.,.... loghav ....=Z 
G.H.A., ------ 
Long.,  .«.---- E. or W. 
Plot line of position through D. R. latitude and computed longitude perpendicular to Z 
FORM FOR TIME SIGHT OF MOON’S LOWER LIMB (LINE OF POSITION) 
hA.m.s oe | h.m.s ae 
WaTs j-  j -S8eesdoc Obs.alt.€, — .-..----- ReAy - cece Dec, jj = -..a-e-- N. or 8. 
C-W, + Sele e Seals: _ eee ene oon ee oe 
Chro.tj- j- -..ess6e2ee Corr. (Table 41), -...-..- Corrij.. «c4s8626 Cor: j- «sceuces 
Cc, C., + maewwrwoeee E., wneeaeuwewwveoe 
G-0.T).... .. Jinks or G.C.T, ou... RGA... <desesoce Deo, eann ene 
Sid. t.06G.C. T., +...-..-- _ : 
Corr. (Tab. 39), icecucus G.H.A., = ..2...2e 
—- Com; jij. sexscezs 
GBT. 8 —s_>.s sedeence : 
ReAsG.. jj § s6zare GQ:HeAs  ssssecec 
GH As. 9 ‘wesecdecs E. or W. 


For the remainder of the work, by which the hour angle and the longitude are found, employ the method given under ‘’Form for 
Time Sight of a Star (Line of Position).” 


FORM FOR MERIDIAN ALTITUDE OF SUN’S LOWER LIMB 


° o o A. m.8 @ 4 
Obs.alt.O,  __— .«.------ Corr. (Tab. 40), -..--.-- Deas Ty ween Dee j= -<scsssus N oS 
ofrr., es ae ek gee PN reso INDE 4.” cewesecs =D 
I. Cc , © aimed toe eS ; 
| rr Cor, > .§ mesesess GAs Ty cc2sceee H.D., ee 
[et] Eq ty So b-Stiow eS 
a ———_—_—_ G.C. T. Int., #----.--- 
ceuteice N.or 8 L¢ A 6) La eeennseeeeaes 
Z nee N.orS ’ 
See Corr., + sewer owns: 
Lat., eceotvecc N. or 8. = 
Dec., j=  cacnc.a- N.or 8. 


FORM FOR MERIDIAN ALTITUDE OF A STAR 


o fF t e o 
Obs. alt., Mesos ccs ae (Tab. 40), ....-.-. Deo., wccuce.. N. or 8. 
Corr., pee ie, OO ee 
r Cc. one 
| rr nero Corr., j= = wanenane 
g, a oer N.or 8 
gpoiwae's N.or 8. 
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FORM FOR MERIDIAN ALTITUDE OF A PLANET 


e a? o A. m. ° o 
Obs. alt., *«_..---.. Corr. (Tab. 40), -------- G.C.T., Gr. trams.,  .....-.. Dec., jj 9 ana-a-o- N.or 8. 
Corr., Be owecwce par cf Bewsoces: Corr. for long., ee — 
| eee H.E., TTIIITTD ob. C.., local trans., ...---.. Diff. 244, itis i: 
ee) _- Dg., SB -s0.--- ° 
o Corr., = nee a G.C.T.,,P.P., ..--.--. 
| eee N. or 8. G.C.T., local trans., ........ 
Ge. 2 ae hee. N. or 8. ’ 
—_——— Corr., ge 
Lat :  £z.\@eececce N. or 8 ar yer 
DOG; jj § eceucced N. or 8. 
FORM FOR MERIDIAN ALTITUDE OF MOON’S LOWER LIMB 
eo @ ( bh. mM. e o 
Rye. -2secee25 Obs. alt.€, = ...---.- G.C.T.trans, = ca.aeeee Dec.,  ......-- N. or 8. 
— a ee Corr. for long. (Tab. 26), +........ —— 
$e essdesve N.orS. Corr. (Tab. 41),  .......- L.C.T., local tranms., = ........ Corr., +........ 
Ge 2552222 N.orS. H.E., = .....e-e ng., a 
TAG eee N.or8. Corr, §  ...---- G.C.T., localtrans., = s_-__..... oe 
Dee., «2. ee N. or 8. 


Mark zenith distance N. or 8. according as zenith is north or south of the body observed; mark Dec. according to its name, 
subtracting it from 180° for cases of lower transit; then, in combining the two for Lat., have regard to their names. 


ALTERNATIVE FORM FOR MERIDIAN ALTITUDE OF A BODY 


es +90° 00 0 Rules for signs 
ec. Pes ctees cule 
Corr. Re es Case I. Lat. & Dec. same name, Lat. greater........-....-...-.- -+90°+ Dec.—Corr.— Alt. 
————— Case II. Lat. & Dec. same name, Dec. greater__.........-.---.-. —90°+ Dec.+Corr.+Alt. 
Constant +-............ Case ITI. Lat. & Dec. opposite nmames__.__.....-....-2..2.----2... +90°— Dec. —Corr.—Alt. 
Obs. Alt. +.....-..---- Case IV. Lower transit... 2.22222 eee eee +90°—Dec.+Corr.+Alt. 
Tate. ~  Scedeusbente Nor 8 
FORM FOR REDUCTION TO THE MERIDIAN 
h. m.s8. 
Wet ees | See ee eres By. cee (Tab. 29) 
C—-W, i hn een neeeee Cor,  eseresoeciu: CA El ne (Tab. 30) 
Chron., eléta'eecieewieee he, aceciecsocce 
Cee Nate oes Hy ecuutewseee log sec, ....--.-. .. 
GC Tek oe oOo eee eeeeae (Tab. 40),-------.-..- Bt ences ck. 
Eq.t(R. A.M. 8.+12b),......-.22-. HB! bees seets -—_ 
Cory. "| pees Tey. tesetet esses WA 5 eee econ log sin(t),.-........ 
ed eS Le ee 
GoA.T(GrEi TD). -Sekeadecccct Corr., €.. ssssucseeice NorS 
(R.A.*K), —«—_—__ wwe nnn neue Gp “eeceescecas N or 8. log cos, .........--- 
aS Peer 
G.H.A.time, —s-_-. eee TAG ek cecdecus N or 8 Jog sin, ............ 
Gp AsATG, j= Seeviacdccese  NeSeeeeeaewe 
Long.D.R., = ..22.------- 
DeabAes  eesrbetiude 
COC, eee Seu tues E. or W 


Plot line of position through Lat. and D. R. Long. perpendicular to Z 


FORM FOR THE COMPUTED ALTITUDE AND THE ALTITUDE DIFFERENCE OF THE SUN’S LOWER LIMB 
FOR LINE OF POSITION 


(SINE—COSINE FORMULA) 


h. m. 8. m. 8. 
W.T. goreoas ie Dew sin anes N.or8. Eq.t. — ....-.-.. 
C—W P---+-+--=- ES —- 
Chro.t. 000 cee ee eee H. D. Bish aside H. D. Sie 
c.cC. - ee h. h. 
—_—_— G-C.T Int: fee seces GC T., Int scence 
G.C.T. Bsr cutheseataheladth ies or, G.CeT sy. dscescez uf B. 
Ea. t. cea Be -_ Corr. a ck Corr. =e eee 
GAT (000 cerneeeeee Corr. b.n, 2 — — 
ay Pn nes Corr., 8; sesenees Ge Suchetvcs + EQGst. seeeteece 
. (assum OS) cece ee _ eames ae 
"e ——_—_—- G.H.A.,  ..-.---- 
h. m. 8. 
Deas Tome 8 =—«— ss Reese 6 BSG GeeS ee sane acen eet meee ee ees logcos .......... logsin ........-.. 
amas Gi = ene Jogsin ss nnn nee ee tlogcos ...-...... 
Obs. alt. © Bis east (ES ee logsin nanan ene ne a+log cos 22-2221... log CoS ........-. 
TCs. un. 2 Fades (Sum) log A ...--.---- +log BB _..-...-.. 
Corr. (Tab. 40) — .....--..-- Fn ee B..... 
Buby 00 tet eteeee 
he —_—-—_ APocs 
vents mA+B ..........  logsec ---.-...-- 
Computedh nnn eine ae ew ene een enn nat. sin, 
logsin  ......-... 


AlWSDIOs jj ssebecesece (toward or away from Z) Dp eters 
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FORM FOR FINDING THE COMPUTED ALTITUDE AND THE INTERCEPT OF THE SUN’S LOWER LIMB 
FOR LINE OF POSITION 


(COSINE—HAVERSINE FORMULA) 


h.m. s ae m. & 
Wels <gegecucues Dee... ...-- ee N. or 8 BQ:t j-  eeuecece 
C-W cS ee HD. +” ry 
peeaeateus H.D. ~ 
Chro:t:. j- jj § .cheessuaebs h. h, 
: fe ae ee G. 0. T. wnaegeneee GeO. Ts sheeeces 
8. 
2 c T Sees r,G.O.T. = ....-..- on ae era Corr. ce 
Ga. 7. eee GHA d, or — 
Corr., h.m  ...-.-.. - eee Edg:6- qj ‘#éssecce 
Long. (assumed Pos.) -....----- E. o W. Corr.,8 —...----- es eee 
h. m. 8. G.H.A. Leecasee nd 
L. A. T.=t “57-577 loghav’ ........-. logsin ........ Obs. alt.QO = -..---.. 
eo ener eee Jlogcog =... 2... Tey. 3. weemenses 
Gi stale te logcos = -_---..-.. log cos ....-... Cort. (Tab.40). +........ 
log have ....-.---. eS ee 
nat have ..-.--.--- Re —ti—“(‘«‘“C kw 
Lewd  — cccccnnnne mathay9 ........-. 
Co et Eames mathay .......... log cosec ........ 
Re —C(iéCH SS logsin ....-.... 
Be t—C™—sC ) a eee 
ts Nt Soares (toward or away from Z) 
FORM FOR THE COMPUTED ALTITUDE AND THE INTERCEPT OF A STAR OR PLANET FOR LINE OF 
/ POSITION 
(COGINE-HAVERSINE FORMULA) 
h. m. 3&8. ( 4 eo 86 
Wek i a sadiecucy Obs. alt.k = --- ee Dec, ..-----. N.or8 
O—W., + we erenwe . Pe t—t—“‘“‘O™OSOSOOO et 
Corr. (Tab. 40)—_..._..-. h. m.s. 
Chro.t; j= cswiscesse —— RAs, “eecswecs 
C., ~ eer Obs.k, iy... -- es 
° wT) 
Gis Ty eee Or, G. CO. T., -.-.---- , ee Log hav, -....---- Log sin, .--.-.-.. 
Sid. t. of & G.C.T., +-..------ Ty eécoecws Log cos, -...---- 
Corr. (Tab. 39) Bee G. H. A. 04, ........ Go aac Log cos, ~.-----. Log C08, -.-..... 
Corr.h,m, .-.---.-- _ 
GiBoT;. jj i -mseeedies Corr.s., -...---- Log hav, -....---- 
Rihc®- qj.  wedseente —— —_—_ 
GL HL Ay ° caccense Nat. hav, ........ 
G.H.Ax*®, = ..-.--- E. or Lad, ....--..- Nat. hav, ....-.-. 
Long. of assumed Pos., -.-.---- E. or W. —— 
fi Seseceees. (tah wm Log cosec, ..-.-.. - 
L. H.A. ©, ° 7 . Bees hed sin, ne 
"ea a eee 
tO | ene (towards or away) 


Piot line of position through D. R. Lat. and Long. perpendicular to Z, then move line as indicated by intercept. 
FORM FOR STAR IDENTIFICATION 


h.m. 8. 
Wek  luadeenace | eee (Tab. 40), | § -.---.-. Hay, -22sse0ee 
C-W, + eweeseuncen Corr., ware cwwe H. E., eerecere er aa nat bav, cuseusne 
Si he, “eye: acta Tatu e) beeevoee 
on., wees wre 8 8 8 8 8 8 =§ Rp wwe Z, we cwnnwe ubdtr. 0 
Ge - 0 eae Core, Lwd, ....---- nat. hav, | ......-- 
pax) hav Z, pa ro i] 
GlCely ,  @etocdex cosL,  — -cun.e-e log hav, 4 eee 
Bid.t.of 0%, eee Ccoshe,  _—>_..-u-eee .., aetcee sec., — 
Corr. (Tab. 39), --...--- ——  Dec., ......-.- SO05j2- 2 se ewes 
G.8.T aan mda a Loghav, _....... 
UBcTy. jj. seescucs Wis Seseseaa 
Long., ee. E. or W. mat. hav, ......-- Bo Nees Ez. or W. 
——- (L—h) nat. hav, ......-. 
Pebete 20. Seales —_—_——_—- 
(Approx.)& = = -..-.---- ie. soewdacs mat. hav, jo ........ 
—— OC.p Siewsvas 
pe dicea ReAs -2osceees \ater N. A. with coordinates of R. A. and Dec. for identification. 
Approx.) Dec, = --.-- ..-J*°When p is greater than 90° the declination is named contrary to latitude. 


APPENDIX III 


MATHEMATICAL PRINCIPLES USED IN THE SOLUTION OF NAVIGATION 
PROBLEMS 


GEOMETRY 


Geometry is the science which treats of the description, properties, and relations 
of magnitudes, of which there are three kinds; viz, a line, which has only length 
without either breadth or thickness; a surface, comprehended by length and breadth; 
and a solid, which has length, breadth, and thickness. 

A point, considered mathematical , has neither length, breadth, nor thickness; 
it denotes position simply. 

A line has length without breadth or thickness. 

A surface has length and breadth without thickness. 

A solid has length, breadth, and thickness. | 

y A straight or right line is the shortest distance between two pointe on a plane 
surface. 

A plane surface is one in which, any two points being taken, the straight line 
between them lies wholly within that surface. 

Parallel lines are such as are in the same plane and if extended indefinitely never 

meet. 

A circle is a plane figure bounded by a curved line of which every point is equally 
distant, from a point within called the center. The bounding curve of the circle 1s 

called the circumference. 

G The radius of a circle, or semidiameter, is a right line 
drawn from the center to the circumference, as AC (fig. 135); 
its length is that distance which is taken between the points of 
the compasses to describe the circle. 

A B A diameter of a circle is a oh line drawn through the 

center and terminated at both ends by the circumference, as 


: . ACB, its length being twice that of the radius. A diameter 
divides the circle and its circumference into two equal parts. 
F An arc of a circle is any portion of the circumference, as 
FIGURE 135. 


The chord of an arc is a straight line joining the ends of 
the arc. It divides the circle into two unequal parts, called segments, and is a chord 
to them both; thus, DE is the chord of the arcs DFE and DGE. 

A semicircle, or half circle, is a figure contained between a diameter and the arc 
terminated by that diameter, as AGB or AFB. 

Any part of a circle contained between two radii and an arc is called a sector, as 
GCH. 

eee is half a semicircle, or one-fourth part of a whole circle, as CAG. 

circles are supposed to have their circumferences divided into 360 equal parts, 
called degrees; each degree is divided into 60 equal parts, called minutes; and each 
minute into 60 equal parts, called seconds; an arc 1s measured by the number of 
degrees, minutes, and seconds that it contains. 

A sphere is a solid bounded by a surface of which every point is equally distant 
from a point within, which, as in the circle, is called the center. Substituting surface 
for circumference, the definitions of the radius and diameter, as given for the circle, 
apply for the sphere., ; at 

An angle is the inclination of two intersecting lines, and is measured by the arc of 


a circle intercepted between the two lines that form the angle, the center of the circle . 


being the point of intersection. 
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A a i angle is one that is measured by a quadrant, or 90°. An acute angle is 
ne whi is less than a right angle. An obtuse angle is one which is greater than a 
right angie. 

A plane triangle is a figure contained by three straight lines in the same plane. 

en the three sides are equal, the triangle is called equilateral; when two of them 
are equal, it is called isosceles. When one of the angles is 90°, the triangle is said to be 
right-angled. When each angle is less than 90°, it is said to be acute-angled. When 
one is greater than 90°, it is said to be obtuse-angled. Triangles that are not right- 
angled are generally called oblique-angled. 

A quadrilateral figure is one bounded by four sides. If the opposite sides are 
parallel, it is called a parallelogram. A eee having all its sides equal and its 
angles right angles is called a square. en the angles are right angles and only the 
opposite sides equal, it is called a rectangle. 

In a right-angled sips the side opposite the right angle is called the hypotenuse, 
one of the other sides is called the base, and the third side 1s called the perpendicular. 
In any oblique-angled triangle, one side paying Peck assumed as a base, the distance 
from the intersection of the other two sides to the base or the base extended, measured 
at right angles to the latter, is the perpendicular. In a parallelogram, one of the sides 
having been assumed as the base, the distance from its opposite side, measured at right 
angles to its direction, is the perpendicular. The term altitude 1s sometimes sub- 
stituted for perpendicular in this sense. | 

Every section of a sphere made by a planeisacircle. A great circle of a sphere is a 
section of the surface made by a plane which passes through its center. A small circle 
is a section by a plane which intersects the sphere without passing through the center. 

A great circle may be drawn ehpoues any two points on the surface of a sphere, 
and the arc of that circle lying between those points 1s shorter than any other distance 
between them that can be measured upon the surface. All great circles of a sphere 
have equal radii, and all bisect each other. 

The extremities of that diameter of the sphere which is perpendicular to the plane 
of a circle are called the poles of that circle. the case of a small circle the poles are 
named the adjacent pole and the remote pole. All circles of a sphere that are parallel 
have the same poles. All points in the circumference of a circle are equidistant from 
Boles. In the case of a great circle, the poles are 90° distant from every point of 
the circle. 

Assuming any great circle as a primary, all great circles which pass through ite 
poles are called its secondaries. All secondaries cut the primary at right angles. 

Useful formulas derived from geometry.—In these formulas the following abbre- 
viations are adopted: 


b, base of triangle or parallelogram. r, radius of sphere or circle. 


h, perpendicular of triangle or parallelo- d, diameter of sphere or circle. 
gram. A, major axis of ellipse. 

l, height of cylinder or cone. a, minor axis of ellipse. 

x, ratio of diameter to circumference s, side of a cube. 


(= 3.141593). 

Area of parallelogram = 6 X A. 

Area of triangle = % b X h. 

Area of any right-lined figure = sum of the areas of the triangles into which it is divided. 
Sum of three anges of any triangle = 180°. 

Circumference of circle = 2<r, or rd. 


Area of circle = zr, or ze 

Angle subtended by arc equal to radius = 57°.29578 (called radian). 
Volume of sphere =—— 

Surface of sphere = #d?, or 4ar’, 

Area of ellipse 


Volume of cube = gi, 
Volume of cylinder = Area of base X I. 


Volume of pyramid or cone = Area of base x 
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TRIGONOMETRIC FUNCTIONS 


The trigonometric functions of the angle formed by any two lines are the ratios existing between 
the sides of a right triangle formed by letting fall a perpendicular from any point in one line upon 
the other line; no matter what point is chosen for the perpendicular nor which line, the ratios, and 
therefore the respective functions, will be the same for any given angle. 


C - A 


FIGURE 136. 


Let ABC (fig. 136) be a plane right triangle in which C is the right angle; A and B, the other 
angles; c, the hypotenuse; a and b the sides opposite the angles A and B, respectively. In con- 
sidering the functions of the angle A, its opposite side, a, is regarded as the perpendicular, and ite 
adjacent side, b, as the base; for the angle B, 5 is the perpendicular and a the base. Then the 
various ratios are designated as follows: 


= eters is the sine of the angle A, or sin A; 


Yr) 
o 
ba 


or iypeieass’ is the cosine of the angle A, or cos A; 


alo 


or perpendicular is the tangent of the angle A, or tan A; 


base 


o1a 


base 


perpendicular’ 18 the cotangent of the angle A, or cot A; 


, Or 


aioe 


hypotenuse 
OF > base 
c hypotenuse 


a’ Or perpendicular 


, is the secant of the angle A, or sec A; 


gla 


, is the cosecant of the angle A, or cosec A; 


1—cosine A, is the versed sine of A, or vers A. 
1—-sine A, is the co-versed sine of A, or covers A. 
(1—cosine A) is the haversine of A, or hav A. 
he following relations exist between the various functions: 


1 a@ee¢ 
an Am 1+ gt cosec A; 
Soe = 1-+- b= esc A; 

1 a 0b 
tan Amie ge gt oot A; 
sin A a ba 
och ee pS 


The cosecant is the reciprocal of the sine, the secant is the reciprocal of the cosine, the cotan- 
gent is the reciprocal of the tangent, and the tangent equals the sine divided by the cosine. 

The complement of an angle is equal to 90° minus that angle, and thus in the triangle ABC the 
angle B is the complement of A. The supplement is equal to 180° minus the angle. 

From the triangle ABC, regarding the angle B, we have: 


sin B="=cos A; 
b 
tan B=—=cot A; 


Cc 
sec B= =cosec A. 
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It may be seen that the sine of an angle is the cosine of the complement of that 
angle; the tangent of an angle is the cotangent of its complement, and the secant of 
of an angle is the cosecant of its complement. 

The functions of angles vary in sign according to the quadrant in which the 
angles are located. 

Let AA’ and BB’ (fig. 137) be two lines at right angles intersecting at the point 


3d.Quad. 


Ist. Quad. 


B’ 


FIGURE 137. 


O, and let that point be the center about which a radius revolves from an initial 
position OB, successively passing the points A, B’, A’. In considering the angle 
made by this radius at any position, P’, P’’, P’’’, P’’’’, with the line OB, its position 
of origin, the functions will depend upon the ratios existing between the sides of a 
ight triangle whose base, 5, will always lie within BB’, and whose perpendicular, a, 
will always be parallel to AA’, while its hypotenuse, c (of a constant length equal to 
that of the radius), will depend upon the position occupied by the radius. ow, if 
OB and OA be regarded as the positive directions of the base and perpendicular, 
respectively, and OB’ and OA’ as their negative directions, the sign of the hypotenuse 
being always positive, the sign of any function may be determined by the signs of 
the sides of the triangle upon which it depends. 


For example, the sine of the angle P’’OB is . and since a is positive the quantity has a positive 


value; its cosine is *, and as b is measured in a negative direction from O the cosine must therefore be 

rein the first quadrant, between 0° and 90°, all quantities being positive, all functions will also be 
sitive. 

i In the second quadrant, between 90° and 180°, sin A (=2) is positive; cos A (=2) has a nega- 

tive value because b is negative; tan A (=§) is also negative because of 6. The cosecant, secant, and 


cotangent have, as in all cases, the same signs as the sine, cosine, and tangent, respectively, being the 
reciprocals of those quantities. 


In the third quadrant, between 180° and 270°, sin A (=2) and cos A (=2) are both negative, 
because both a and 6 have negative values; tan A (=¢ is positive for the same reason. 

In the fourth quadrant, between 270° and 360°, sin A (2) is negative, cos A (-2) is positive, 
and tan A (=) is also negative. : 
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From a consideration of the signs in the manner that has been indicated, the fol- 
lowing relations will appear: 
sin A=sin (180°— A) = —sin (180°-+ A) = —sin (360°— A) = —sin (—A). 
cos A= —cos (180°— A) = —cos (180°-+ A) =cos (360°— A) =cos (—A). 
tan A> —tan (180° — A) =tan (180°-+ A) = —tan (360° — A) = —tan (—A). 
sin A=cos (90° — A) = — cos (90°+ A) = —cos (270° — A) = cos (270°+ A). 
Any similar relation may be deduced from the figure. 
It 1s of great importance to have careful regard for the signs of the functions in 


all trigonometrical solutions. 
FORMULAS 


sina_sinb_ sine 
sin A sin B sin C 


cos a=cos 6 cos c-+sin 6 sin ¢ cos A; 
cos A= —cos B cos C-++sin B sin C cos a; 


atbte_.,. 
2 P] 


ae A_ sin (s—b) sin (s—c), 
2 y sin 6 sine : Hav a=hav (b—c)-+sin 6 sinc hav A 


Hav 6=hav A sin b sine 


A sin 8 sin (s—a). Nat hav a=nat hav 6+ nat hav (b—c) 
oe sinbsine ’ 
. creel aS as log hav...-.---- 
tan A [Sin =O) sin), ITTITTIT Nog sin ca 
sin s sin (s—a) Pie een log hav_........ nat hav__..._..- 
: A 6) on, nat hav_._.___-- 
1—cos A=2 sin? >; Q....._... nat hav......... 


In a right spherical triangle by Napier’s analogies: 
The sine of the middle part is equal to the product of the tangents of the adjacent parts. 
The sine of the middle part is equal to the product of the cosine of the opposite parts. 


The differentials are as follows: 
d sin z=cos z dz; d cos x= — sin z dz;d tan zx =sec’ xdz: d cot x= — cosec’ z dz; d sec r=tan z sec z dt 
d cosec x= — cot x cosec x dz 
Ate —cos L sin Z; L and d constant a= —sec L cot Z; d and h constant 
At =c0s Z; d and ¢ constant. Aa =cos d sec h cos M; L and d constant. 
Ah Ad 
AZ ~ 008 h tan M; L and d constant Al 008 @ tan M; L and A constant. 
“i= —sec L cot t; d and h constant. a =cos L sin ¢; L and h constant. 
Ar=tan hsinZ; dandi constant. 
LOGABRITHMS 


In order to abbreviate the tedious operations of multiplication and division with large numbers, 
a series of numbers, called logarithms, was invented by Lord Napier, by means of which the operation 
of multiplication may be performed by addition, and that of division by subtraction. umbers 
may be involved to any power by simple multiplication and the root of any power extracted by 
simple division. 

In Table 32 the logarithms of all numbers from 1 to 9,999 are given. By interpolation a fifth 
iil ed be found which virtually extends the table to include logarithms of numbers from 1 to 

999. 

The method of obtaining the logarithms of numbers, and of obtaining numbers from given 
logarithms with examples, is fully explained in the Explanation of Tables appearing before Table I 
of Part II of this publication. 
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The following additional examples show how multiplication and division are accomplished by 
use of logarithms. 

It may be remarked that in nelng ne piace logarithm tables it is not generally to be expected 
that results will be exact beyond the fifth figure. 

To show the characteristics corresponding to mixed and decimal numbers, the following 
examples are given: 


Mized number Logarithms | Decimal number Logarithms 
40043: 0222.22 22 Sosa seh eoeeeSs Log. 4. 61218 | 0. 40943____..._-.---.---.-.- Log. 9. 61218—10 
4004 Be Sebo Se ee eee s Log. 8. 61218 | 0. 040943__.._....-..-.------ Log. 8 61218—10 
B00. 43 coe ead eoten eee Log. 2. 61218 | 0. 0040943_..._.-.-..--...-_- Log. 7. 61218—10 
40 0432s etse eee ce cesses oars Log. 1. 61218 | 0. 00040943____..._._..-....- Log. 6. 61218—10 
4: 0046 2c a See Log. 0. 61218 | 0. 000040943_......_._.._.-.- Log. 5. 61218—10 


To perform multiplication by logarithms, add the logarithms of the two numbers to be multiplied 
and the sum will be the logarithm of their product. 


Example I Example ITI 
Multiply 25 by 35 Multiply 3.26 by 0.0025 
15 a De ee Si ed Log. 1. 39794 B. 20n ce 20222 Beas Log. 0. 51322 
Bosca cts Saseee cose Log. 1. 54407 0. 0025._---.--_------ Log. 7. 39794 
Product; 875ece562c:2522cteesa< Log. 2. 94201] Product, 0. 00815_......._-.-.- Log. 7. 91116 
- Example II Example IV 
Multiply 22.4 by 1.8 Multiply 0.25 by 0.003 
7) EY SRR ee a Log. 1. 35025 O25 occa ict cde Log. 9. 39794 
18 ot Sececesscteeee Log. 0. 25527 0.003 -esicceeewousce Log. 7. 47712 
Product, 40. 32._........-.-..- Log. 1. 60552 | Product, 0. 00075__........._.-- Log. 6. 87506 


In the last example, the sum of the two logarithms is really 16.87506—20; this is the same as 
6.87506—10, or, remembering that the quantity is less than unity, simply 6.87506. 

To perform division by logarithms, from the reper ena of the dividend subtract the logarithm of 
the divisor; the remainder will be the logarithm of the quotient. 


Ezample I Example III 
Divide 875 by 25 Divide 0.00815 by 0.0025 
STO eaeucorenseewneua= Log. 2. 94201 0: 0081522 2ciet dose Log. 7. 91116 
Ob oe Soe es Log. 1. 39794 0. 0025._.....-..-...- Log. 7. 39794 . 
Quotient, 35..-..--..--.--.--- Log. 1. 54407 | Quotient, 3 26.._.._.....-..-..-- Log. 0. 51322 
Example II Example IV 
Divide 40.32 by 22.4 Divide 0.00075 by 0.025 
40562. ci ceetncceeos Log. 1. 60552 0. 00075.......-...--- Log. 6. 87506 
BEA es eiee es eumesicne Log. 1. 35025 O02b eee cueae et Log. & 39794 
Quotient, 1.8......-..-.------ Log. 0. 25527 | Quotient, 0. 03_.._-..-...-.--.- Log. 8. 47712 


In example III both the divisor and dividend are fractions less than unity, and the divisor is the 
lesser; consequently the quotient is greater than unity. In example IV both fractions are less than 
unity; and, since the divisor is the ter, its logarithm is greater than that of the dividend; for this 
reason it is necessary to borrow 10 in the characteristic before making the subtraction, that is, to 
regard the nh eae of .00075 as 16.87506— 20; hence the quotient is less than unity. 

The arithmetical complement of the logarithm of a number, usually called the cologarithm of the 
number, and denoted by colog, is the remainder obtained by subtracting the logarithm of the number 
from the logarithm of unity. It is therefore the logarithm of the reciprocal of the number; and, since 
the effect of dividing by any number is the same as that of multiplying by its reciprocal, it follows 
that, in performing division by logarithms, we may either subtract the logarithm of the divisor or 
add the arithmetical complement of that logarithm. As the addition of a number of quantities can 
be performed in a single operation, while in subtraction the difference between only two quantities 
can be taken at a time, it is frequently a convenience to deal with the arithmetical complemente 
rather than with the logarithms themselves. 
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Example I 
Divide 875 by 25 

BT Sih eae Log. 2. 94201 
25...-Log. 1.39794__..Colog. 8 60206 
Quotient; $52.ccso5en wa ceecces Log. 1. 54407 

Example II 

Divide 0.00075 by 0.025 

0.00075__.._.-.-.------- Log. 6. 87506 
0.025. _ Log. 8.39794. ...Colog. 1. 60206 
Quotient, 0.03_..-..--.---------- Log. & 47712 


the 
sought. 
Example I 
Required the square of 18 
: 18 ctavosrene esac cleses Log. 1. sei 
Answer, 324._.....------.------- Log. 2. 51054 
Example II 
Required the square of 6.4 
6.4 rei decent cucme eee Log. 0. eosts 
Answer, 40.96_..-.---.---------- Log. 1. 61236 
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Example III 
Simplify the expression, 40.32 x .00815 
22.4 X .0025 
4082 ic ee oti teeGh ac Log. 1. 60552 
O08 M6 ses oe ee See oe ad Log. 7. 91116 


To perform involution by logarithms, multiply the logarithm of the given number by the index of 
ower to which the quantity is to be raised; the product will be the logarithm of the power 


Example III 
Required the cube of 13 
RO hos era art Meee Log. 1. 11894 
3 
Answer, 2197__.....-..-.-_------ Log. 3. 34182 
Example IV 
Required the cube of 0.25 
O 20scewteodictceewereawe Log. 9. 39794 
3 
Answer, 0.015625. _........-.-.-- Log. 8 19382 


In the last example the full product of the multiplication of 9.39794—10 by 3 is 28.19382—30 


which is equivalent to 8.19382— 10. 


To perform evolution by logarithms divide the logarithm of the number by the index of the power; 


the quotient will be the logarithm of the root sought. 


If the number whose root is to be extracted is 


a decimal fraction less than unity, increase the index of its logarithm by adding a number of tens 
which shall be less by one than the index of the power before making the division. 


Example I Example III 
Required the square root of 324 Required the square root of 40.96 
O28 sie cece oeetieeds Log. 2)2. 51055 4006. oes ecreecew aii Log. 2)1. 61236 
Answer, 18__..---------- Soeuce Log. 1. 25527 | Answer, 6.4.........._.--_-_-- Log. 0. 80618 
Example II . Example IV 
Required the cube root of 2197 Required the cube root of 0.015625 
1 A {ae a eS a Log. 3)3. 34183 0.015625.____.-_.-__- Log. 8& 19382 
—__— d 20 to the index...___.___- Log. 3)28. 19382 
Answer, 13_.-.---------------- Log. 1. 11394 es 
Answer, 0.25__...-.-.-----.-- Log. 9. 39794 


In the last example the logarithm 8.19382—10 was converted into its equivalent form of 


28.19382—30, which, divided 


by 3, gives 9.39794—10. 


To find the logarithm of any function of an angle, Table 33 must be employed. This table is so 
arranged that on every page there appear the logarithms of all the functions of a certain angle A, 
together with those at the angles 90—A, 90+ A, and 180—A. 

A full explanation of the methods of obtaining the logarithms of the functions of angles, with 
examples, is contained in the Explanation of Tables appearing before Table I of part II of this 


publication. 
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USEFUL DATA 


Earth’s equatorial radius = 6378.388 kilometers (3963.34 statute miles.) 
Earth’s polar pedis = fenneee kilometers (3949.99 statute miles.) - ___ 
Earth’s compression = 597 log (e021 2400 Sets owe Boo les 
Earth’s logarithm of eccentricity log e=8.913804 


(Hayford Spheroid 
of 1909.) 


Earth’s polar radius= 6,356,583.8 meters (3,949.79 statute miles). eee Spheroid of 


Earth’s equatorial radius = ; 6, 378,206.4 meters (3,963.23 statute miles). 
Earth’s compression = 593 465 465 (Clarke’s determination in 1880.) 


Earth’s eccentricity = 0.0822719-_-_--------- log 8. 9152513. (Clarke’s Spheroid of 1866.) 


Number of feet in 1 statute mile=5280_.___- ise 3. 7226339. 
Number of feet in 1 nautical mile = 6080.27*__log 3. 7839229. 
Statute mile= 0.868362 nautical mile. 

Nautical mile= 1.151594 statute miles. 

One foot=0.3048006 meter. 


Sine of 1/’=0.00000485__..........---- *..--log 4. 6855749. 
Sine of 1‘=0.00029089___..-...-..-.-.---.- log 6. 4637261. 
The Napierian base e=2.7182818_._...-....- log 0. 4342945. 
The modulus of common logarithms= 

0434045 nase cccct te ececenassescL es log 9. 6877843. 
Ratio of diameter to circumference z= 

314150260 ec ee ee ee log 0. 4971499. 
French meter in English feet, 3.2808333-- - - -- log 0. 5159842. 

French meter in English statute miles, 

0000621870225. 5 teeta oe log 6. 7933503. 


og 
French meter in nautical miles, 0.000539593_--_log 6. 7320663. 
Atmosphere = 15 pounds pe er square pues or 1 ton per square foot. 
1 pound Avoirdupois=7, ins Troy. 
French gramme = 0.00220606 mperial pound Troy. 
French kilogramme=0.0196969 English cwts. 
Cubic inch of distilled water, in grains= 252.458. 
Cubic foot of water, in ounces Troy = 908.8488. 
Cubic foot of water, in pounds Troy = 75.7374. Bar 30.00 in.; ther. 62° F. 
Cubic foot of water, in ounces Avoirdupois= 997.1369691. 
Cubic foot of water, in pounds Avoirdupois= 62.3210606. 
Length of pendulum which vibrates seconds at Greenwich, 39.1393 incnes. 
Mean distance, earth to moon, 238,857 statute miles. 
Mean distance, earth to sun, 92, 897, 416 statute miles. 
Velocity of light, 186,324 statute miles per second. 
Velocity of sound in 35 percent salt water, 1,510.4 meters per second. 
Velocity of sound in dry air, 1,089 feet per second. 
*Minute of arc of a great circle of a sphere whose surface equals that of the Clarke Spheroid of 1866. 
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Coast Place Lat. N. | Long. W.||Coast, Place Lat. N. |Long. W 
° e ° td ° e t-] e 
Nain: 8. Channel cairn...-.....-.-- 5 31 61 40 Anticosti I.: 
Fords Harbor: Lighthouse... ----- 56 23 61 09 Heath Point Lighthouse. ....- 49 05 61 42 
Cape Harrigan: Lighthouse. .-..... 65 51 60 19 oe Bluff Lighthouse. ...... 49 04 62 16 
a taktalik: hthouse. ..-.. 65 33 60 14 Point Lighthouse... .... 49 2B 63 36 
Tikkerasuk I.; Lighthouse... .....- 55 20 59 43 g Port Menier, rear light_....... 49 50 A 2B 
Cutthroat I.: Lighthouse. ......-- 64 29 | 87 06 West Point Lighthouse___-._- 49 52 | 64 31 
P Harbor Island: Lighthouse.| 63 51 56 59 Cap de Rabast Lighthouse._.._| 49 6&7 64 00. 
Cape North: Lighthouse. ......-.. 53 46 56 26 Carleton Point pica 49 44 62 56 
Cartwright: Harbor F. 8.....-..--. & 43 87 01 4 Table Head Lighthouse_.-...-. 49 21 61 & 
Indian Tickle: White Point I: fithotise focaucoewe 50 05 66 2B 
i | Lighthouse_._...............-..- 53 34 | 86 Ol || oS | EggI.: Lighthouse...............- 49 37 | 67 10 
Domino Point: Lighthouse. __.... 53 2 | 55 44 = Pointe des Monts: Lighthouse. . 49 19 | 67 22 
Double Island: Lighthbouse_.......| 62 15 55 32 3 | Quebec: Observatory (transit 
Belle Isle: | Do Sea ee ee Soe ge he a 46 48 71 18 
North Point Lighthouse -__-_-. 51 83 85 22 gc aval Building, Time Ball_| 46 48 71 #12 
South Point Lighthouse. ..-._. 51 83 55 21 So. ntreal: 
Saddle I.: Lighthouse.........__.- 61 43 56 25 . Obs. McGill University E. 
Amour Point: Lighthouse. ...__._. 81 27 56 50 g transit pier_.........-.--..-- 45 30 73 365 
Greenly Island: Lighthouse... ..-. 61 22 57 10 rah Dominion obs, (meridian ‘GA en 
Flower Island: Lighthouse... -_.__.- 51 18 56 44 E Stone Pillar Island: Lighthouse...| 47 12 70 22 
Cape Norman: « hthouse..._...-. 51 38 55 5&4 Cape Dogs: Lighthouse........—.. 47 55 69 48 
Kirpon Harbor: L patents Rape eend 51 36 65 27 Father Point: Lighthouse___---_.-- 48 31 68 28 
Cape Bauld: Lighthouse___.___..- 51 39 55 25 Cape Chat: Lighthouse_...._..... 49 05 66 44 
Egg Point: Lighthouse. bee A reciever 51 21 65 33 Riviere ala Martre: Lighthouse.._| 49 13 66 09 
Fox Point: Lighthouse._...._..... 61 21 55 33 Cape Madeleine: Lighthouse......| 49 15 65 19 
Canada Bay: Aiguillettes Har- nee 
bor Lighthouse_._._-...-.._..... 50 43 56 06 Fame Point: Lighthouse... .__.__- 49 06 A 3 
Nid Island: Lighthouse._._....__- 50 42 85 37 Cap des Rosiers: Lighthouse... -_- 48 51 64 12 
rch Harbor: Lighthouse...._. 50 30 5 15 Perce: Lighthouse. -_.-......-....- 48 380 64 13 
range Bay (Great Harbor Deep): 8 Cap d’Espoir: Lighthouse. ___.__- 48 25 C4 19 
ghthouse.....-.- 2.22222 50 22 56 24 Maquereau Point: Lighthouse._../| 48 12 64 46 
Seckeon Ara Lighthouse... _____- 49 52 56 44 FI Paspebiac Point: Lighthouse... -- 48 Ol 65 18 
Western Cove: Lighthouse........| 49 47 56 37 Bonaventure Point: Lighthouse._} 48 00 65 27 
Seal Cove: Lighthouse--__._._._... 49 56 56 22 Little Belledune Point: Light- 
Coachman Harbor: Lighthouse...| 50 03 56 04 OUSO nec ocse coos ete ccces 47 55 65 54 
La Scie Harbor: Lighthouse.......| 49 58 65 22 ||-—— 
tae Island: Lighthouse. __.._.-.- 50 00 65 21 Carleton: Tracadigash Point: 
per Harbor: hthouse.___... 49 47 55 50 Lighthouse. ..........-.-........ 48 05 66 08 
Little ie Bay Island: Lighthouse....| 49 38 65 46 Bir zolnt: Lighthouse.........-. 48 01 64 29 
Tend Island: Lighthouse....._____ 49 36 55 34 Big Shippigan: Lighthouse_-.....-. 47 43 C4 40 
sing (Ladle) Tickles: Light- North cadie Gully: Light- 
Oe P= DOUSG as os See wet ewe 49 30 55 24 NOUS6 oooh Je 47 38 64 51 
Sane Harbor: Lighthouse___._. 49 32 65 14 Nesiae Gully: Lighthouse. -...... 47 15 65 00 
3 Surgeon Cove Head: Faehthouse:- 49 31 65 07 Portage I. (front): Lighthouse_....} 47 10 65 03 
Upper Black I.: nee ee 49 25 55 08 Escuminac Point: Lighthouse... -.- 47 04 64 48 
g Cabbage Harbor : Light- pe | Richibucto Head: Lighthouse. .-_- 46 40 | 64 43 
e HOUS6 cc.h556 oe eS cs ee 49 20 55 12 © Cassie Point: Lighthouse_.._...._. 46 19 64 31 
:~ Grassy: Island: Lighthouse. ._....- 49 16 | 55 14 Z | Shediac: Pointe du Chene Light- 
© | Lower sen Anke Lighthouse._| 49 13 55 17 NOUNS soso ce eee cee 46 15 64 31 
@ | Mill Point: Lighthouse.._....__.. 49 089 | 55 2 Jourimain 1: Lighthouse... .-.--.- 46 09 | 63 48 
Naor aca penthouse Sateen oat 4 2 a Cape Tormentine: Pier light_..--- 46 08 63 47 
reap er ty: a oh ce 4 ~— | Amet I.: Lighthouse 45 50 | 63 11 
Change I. 8. end: Lighthouse... --. 49 34 54 24 = das ir eich S 
Smoker I: Lighthouse. .-..-2.721 49 37 | & 4 | Caribou Point: Lighthoupe........| 45 46 | 62 41 
ags I.: Lighthouse_............-- 
Brookes Point: Lighthouse........ se) ae || & 8. E. Point Lighthouse....... tae Al cea as 
Cann Island: Lighthouse-__....... 49 35 & 10 g Pictou Harbor: hthouse Sa iie tins 45 41 62 40 
Packiord It Lighttiocse weeeee- 49 36 | 53 45 1 S | Arisaig Point: Lighthouse...------| 45 46 | 62 10 
North Penguin I.: Lighthouse....| 49 27 | 53 48 Cape George: Lighthouse. ...-..-- BB 08.) Bb oe 
Stinking I.: Lighthouse__......... 49 10 53 21 Jeans Head: Lighthouse......-.--- 47 36 53 22 
Puffin I.: Lighthouse____._..__... 49 03 53 32 Hants Harbor: Lighthouse. ......- 48 01 53 15 
Little Dunier J.: Lighthouse_.--._- 48 41 53 35 Baccalieu I.? irs hthouse._...-..---- 48 09 52 48 
Kings Cove: Lighthouse_._.._...- 48 34 63 19 Carbonear J.: Lighthouse. _....-.- 47 44 53 09 
Squarey Islet: Lighthouse...._.._- 48 39 53 08 Harbor Gre: Lighthouse ae 47 43 53 08 
Cape Bonavista: Lighthouse... -- 48 42 53 04 North Head: Lighthouse... .-----. 47 38 53 11 
Green I.: Lighthouse.._.........-- 48 30 53 02 Salmon Cove Point: Lighthouse. _| 47 28 53 09 
Ragged Island: Lighthouse. ___-_-- 48 14 53 27 Ce] Cape 8t. Francis: Lighthouse. . . -. 47 49 52 47 
Hopeall Head: Lighthouse._--.-_... 47 38 53 34 St. Johns Harbor: Fort Amherst 
Hearts Content: Lighthouse. __.-. 47 83 53 B Lighthouse. ....-.--------------- 47 34 52 40 
Port Aux Choix: Lighthouse_._...- 50 43 57 20 Cape Spear: Lighthouse-_-_--.-.--- 47 31 52 37 
Ferolle Point: Old Ferolle Beacon.| 51 05 56 5A Bay Bulls: Lighthouse. -....-...... 47 19 52 45 
e Ferryland Head: Lighthouse... --_- 47 01 62 51 
S Flat Island: Lighthouse... ....... 50 45 | 58 45 | Bearcove Point: Lighthouse.......| 46 56 | 52 53 
g St. Mary Island: Lighthouse..._-- 50 18 59 39 © | Cape Race: Lighthouse. _....--.-- 46 39 53 04 
938 | Natashkwan Point: Lighthouse..| 50 06 | 61 43 || 4 | Powles Head: Lighthouse. _-----.- 46 41 | 53 2% 
GS Little Natashkwan Harbor: Cape Pine: Lighthouse... -.---...- 46 37 | 53 32 
ae Lighthouse............-...------ 60 11 61 51 La Haye Point: Lighthouse... -- 46 54 53. 37 
& Quetechus Bay: Front Light- Cape 8t. Mary: Lighthouse. --.--- 46 49 | 54 11 
rf. Screed os eer eat a 50 17 62 45 gs eae Verde Point Light- 
85 Wane lsieaa: Lighthouse........| 50 12 6333 i) 2s’. ous@:. 2.220 ne see ese see se 47 14 54 00 
@ | Eskimo Point: Lighthouse...._... 50 15 63 36 Fox L: Li hthouse Bei damesseueds 47 21 53 59 
| Perroquet I.: Lighthouse..........) 50 13 64 12 Marticot I.: Lighthouse. --......-- 47 19 54 34 
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Newfoundland 


Nova Scotia 


New Brunswick 


Place 


Long I.: Lighthouse...._...-....-- 
Iron I.: oe thouse.....-..-.------ 
ga i odding Head Light- 


ISO 25 cc wheewc case ea ce ew Sires ease 


QGalantry Head: ighthouse. ...... 
Plate Point: Lighthouse........-..- 
Cape Blanc: Lighthouse_....-..--- 
Grand Bank: Lighthouse.-.......--. 
Garnish: Lighthouse. ........----- 
Long Harbor Point: Lighthouse. - 
8t. Jacques I.: Lighthouse... 
pear Mercer Head: Light- 
Harbor Breton: Lighthouse.-....-- 
Pass I.: Lighthouse__..-..--------- 
Gaultois Harbor: Lighthouse. --- - - 
Great Jervis Harbor: Lighthouse. - 
New Harbor Island: Lighthouse. . 
Penguin Islands: Lighthouse. --_..- 
Ramea I.: Lighthouse...........-- 
Boar I.: bthouse._....-.--.--.-- 
Ireland I.: Lighthouse..........-.-- 
Christmas Head: Lighthouse-.-.-.. 
Rose Blanche Point: Lighthouse. - 
Great Burnt Island: Lighthouse... 
Pitmans I.: Lighthouse_....-..--- 
Port Basque: Lighthouse........-. 
Cape Ray: Lighthouse. -..---.-.-- 
Cape Anguille: Lighthouse... .-.- 
St. George Harbor: Sandy Point 
Lighthouse. ..........--.-------- 
Cape St. Sears: Lighthouse. _- -.- 
Long Point: L enero deuce eects 
Broad Cove: Lighthouse. .......-. 
Little Port: Lighthouse. ._...-.-._-. 
Frenchmans Head: Lighthouse... .. 
Eagle I.: Lighthouse. ..._..-.-...- 
Woody Point: Lighthouse.....-..- 
Lobster Cove Head: Lighthouse. - 
Cow Head: Lighthouse......--.-.. 
Keppel Island: Lighthouse.......- 
Rich Point: Lighthouse- ..-......- 


Baccaro Point: Lighthouse-.-...-- 

ape Sable I.: W. Hd. Lt...------ 
Bon Portage I.: Lighthouse. -_..-.- 
Seal I.: L hthouse ot NS te a wie 
Pubnico 


Cape St. Mary: Lighthouse. -.--.- 
Brier I.: Lighthouse.........-....- 
Boars Head: Lighthouse..........- 
Prim Point: Lighthouse. ........-- 
Hampton: Lighthouse. .....--.---- 
Margaretville: Lighthouse.._...... 
Walton Harbor: Lighthouse.._.._. 
Isle Haute: Lighthouse....-...-..- 
Apple River, Cape Capstan: 

Lighthouse. .-.--.--.----------.- 


| Fort Folly Point: Lighthouse. ..-- 


Grindstone Island: Lighthouse. --. 
Cape Enrage: Lighthouse. _......- 
Martin Head: Lighthouse....-.._. 
eee Head: Lighthouse._...-.-.- 

ape Spencer: Lighthouse._........ 
St. John: Partridge I. Lighthouse. 

Time ball 


ee ee eee 


Lepreau Point: Lighthouse... eiweneas 
Wolves I.: Lighthouse....._...---- 
Bliss I.: Lighthouse. _.-.........-. 
8t. Andrews: Lighthouse. ......... 
Chance Harbor: Reef Point Light- 


APPENDIX IV 
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Lat. N. |Long. W.||Coast 


o.lUCOP oC 
47 18 | 54 42 
47 03 mee: 
47 00 | 55 09 Pc 
4s 64 | 55 20 BP 
46 51 | 55 48 || @ 
46 52 | 56 05 
46 46 | 8 10 || 
46 49 | 56 2% 
47 06 | 56 24 
47 08 | 55 42 
47 14 | 55 22 
47 34 | 55 07 
47 23 | 55 25 
47 15 | 85 8&2 
47 23 | 5&5 48 
47 29 | 86 12 
47 36 | 55 64 
47 38 | 56 09 
47 36 | 56 38 
47 B | 56 59 
47 30 | 57 24 
47 36 | 87 35 
47 38 | 58 22 
47 40 | 58 ZB 
47 36 | 58 41 
47 36 | 58 83 
47 35 | 58 88 
47 34 | 590 07 
47 37 | 59 18 
47 54 | 590 25 
48 27 | 88 29 
48 2 | 3 18 
48 47 | 58 46 
48 46 | 58 37 
49 07 | 58 25 
49 04 | 58 10 
49 10 | 58 08 
49 30 | 57 &4 
49 36 | 57 87 a 
49 55 57 49 § 
50 38 | 57 19 
80 42 | 57 24 g 
43. 27 65 28 2 
43°27 | 65 39 
327 :| 65 45 
43 2 | 66 OL 
43 36 | 65 47 
43 38 | 66 02 
43 47 | 66 09 
44 05 | 66 13 
4415 | 66 24 
44 24 | 66 13 
44 41 | 65 47 
44 54 | 65 21 
45 03 | 65 04 
45 14 | 64 O1 
45 15 | 65 00 
45 2 | 64 S51 
45 52 | 64 34 
45 43 | 64 37 
45 36 | 64 47 
45 29 | 65 il 
45 19 | 65 32 
45 12 | 65 85 
45 14 | 66 03 
45 17 | 66 04 
45 12 | 66 09 
45 09 | 66 14 
45 04 | 66 28 
44 56 | 66 44 
45 01 | 66 51 
45 04 | 67 @ 
45 08 | 66 21 


Place 


East Quoddy Head: Lighthouse... 
Grand Manan I.: 
Swallowtail Lighthouse Salaeaies 
Gull Cove Lighthouse......... 
arene Harbor Lighthouse. -.. 
8. W. Head Lighthouse. ..-.-. 
Gannet Rock: ey ere oamawies 
Machias Seal I.: Lighthouse._.-.... 


rt: Rook I. rg aaa 
Harbor: Cutler (Hart) I 
Lighthouse. _._._.....-..-.-...-. 
Cranberry I.: Lighthouse.__....._- 
Whitehead I.:; Lighthouse........- 
Three Top I[.: Lighthouse_.......- 
Cole Harbor: Front Lighthouse. -- 
Berry Head: Lighthouse. -......_-_- 
Country I.: Lighthouse. ......-.-- 
Harbor I.: Lighthouse. ..........-- 
Isaac Harbor: Lighthouse. ..-...-.- 
Wedge I.: Lighthouse. -_.........- 
Liscomb I.: Li hthouse_....___... 
Marie Joseph 
I. Lighthouse. ..........-...---- 
Beaver Islands: 
Lighthouse....-..-....--....-- 
Harbor: Lighthouse.........-- 
Sheet Harbor: 
Passage Lighthouse. ........-.. 
Sheet Rock Lighthouse. -..-..- 
Tomlees Head: Lighthouse.._...-- 
Pope Harbor: Lighthouse. ......-- 
Wolf Point: Lighthouse. ........-- 
Owls Head: Lighthouse. ........_- 
Egg L.: zp entnpue Sdcadwcsatiecaee 
Jeddore 


Queene 


fax: 
Devil I. rear Lighthouse. -.... 
Post office clock tower. ....... 
Dockyard Observatory......-- 
Mauger Beach Lighthouse. --_- 
McNab Island Lighthouse.-. - 
Chebucto Head Lighthouse. -. 
Sambro Island: 
Lighthouse........-.-.-.--..-- 
Harbor Lighthouse............ 
Pennant Harbor: Li hthouse...... 
Betty I. Brig Point: Lighthouse. _- 
ge yaecks Harbor: Sau I. Light- 
Port Dover: Lighthouse_._..._._.- 
Peggy Point: Lighthouse.........- 
Indian Harbor: Paddy Head I. 
Lighthouse. .....-.-..22..-.2-22- 
Croucher I.: Lighthouse.._.......- 
E. Ironbound I.: Lighthouse... .-... 
Pearl I.: Lighthouse.....-....-...- 
Chester: Quaker I. Lighthouse. -_- 
Mahone: Wasthaver I. Lighthouse 
Cross I: Lighthouse. .._..-.22222-- 
ee Battery Point Light- 
West Ironbound I.: Lighthouse. _.. 
La Havre: Fort Point ighthouse. . 
Port Medway: Medway Head 
Lighthouse._.....2....2-2-2.22..- 
Coffin I.: Lighthouse_..--...._._.. 
Bee erpool: Western Head Light- 
Spectacle: Lighthouse...-_...--- 
Little lope I.: Lighthouse. .__.__- 
Port Herbert: I ighthouse.__..._.. 
Lockeport: Gull Rock Lighthouse. 
Shelburne: Sand Spit Lighthouse. - 
Cape Roseway: Lighthouse._...._- 
Negro Island: 
Lighthouse........22.2222 28k 
Harbor front Lighthouse. -_.... 
Salvages Rocks: Lighthouse... ...- 
Port Latour: Page I. Lighthouse. - 


44 


a 


57 


SSHBSe= SIR SBS 


aa8 


aS 88 


SRBSSZ Soe 


SPILIGSS SBS SSSRS SBSBSS BS 


RRRAR AAALeee be RES 


Lat. N. |Long. W 


[————— 


SSSSS8N BN B BSSSRSUSBSS BS BAITASE FT 


[—Z—) 
74 


Coast 


Prince Edward Island 


Cape Breton Island 


Maine 


Place 


North Point: hthouse....-....- 
Paecuma eae bor: 


weweeoeneteateawewvetzeowreaawzeene sa 


Tracadie Harbor: Lighthouse. .-... 
St. Peters Harbor: Lighthouse. - -- 
Shipwreck Point: Lighthouse. ..-.-. 
East Point: Lighthouse --........--. 
Souris: Knights Point Lighthouse. 
Grand (Boughton) River Banks 

Point: Lighthouse._......------- 
Panmure Head: Lighthouse... --.- 
Murray Harbor, Beach Point: 

Lighthouse................------ 
Cape Bear: Lighthouse-.--......-..- 
Little Sands: Lighthouse..-....--- 
Wood Island: Lighthouse. .......- 
Prim Point: Lighthouse--....-...-- 
Charlottetown Harbor: Haszard 

Point: Lighthouse._.....-...-.-- 
8t. Peter Island: Lighthouse- --.--- 
Sea Cow Head: Lighthouse. -.-...- 
Cape Egmont: Lighthouse. -.....-- 
West Point: Lighthouse__........- 
Miminegash: Lighthouse.........- 


Pomquet (Bayfield): Lighthouse - . 
Havre Bouche: Lighthouse... ....- 
North Canso: Lighthouse. ._....-.- 
pnd Beara Lighthouse.-......- 
Port Hood: Lighthouse. --.......-- 
Mabou: Lighthouse......--.-.---- 
nee Wolf (Margaree) I.: Light- 


Lighthouse..._.......----------- 
Cheticamp I.: Lighthouse.._.._..-- 
Cape St. Lawrence: Lighthouse... 
Cape North: Lighthouse. .......-- 
St. Paul I.: 

South Point Lighthouse... ._. 
North Point Lighthouse- ._.--. 
White Point: Lighthouse..._--..... 
Nei] Harbor: Lighthouse- -..-..--- 


onish: 

Island Lighthouse............. 

Harbor Lighthouse... ......-- 
St. Ann Beach Point: Lighthouse. 
Ciboux Island: Lighthouse..__...- 
Gillis Point: Lighthouse_, ..--...- 
Aconi Point: Lighthouse.......... 
Sydney Harbor: 

Edward Point Lighthouse. --_. 

Flat Point Lighthouse ._._...-. 
Lingan Head: Lighthouse--.....-. 
Flint Island: Lighthouse. -......-.- 
Scatari Island: 

W. side Lighthouse. .........- 

NE. side Lighthouse.......--- 
Loulsburg: Lighthouse. .-....--..-- 
Quion (Guyon) I.: Lighthouse-.-- 
8t. Esprit I.: Lighthouse.......... 
Cape Rond: Lighthouse. ....-..--.- 
Green Island: Lighthouse. -......-- 
Balache Point: Lighthouse........ 
Eddy (Sandy): Lighthouse... -.-.-.- 
Guysborough Harbor: Lighthouse. 


Calais: Astronomical station .-..-- 
Eastport: Cong. Church 
West Quoddy Head: Lighthouse... 
Little River: Lighthouse.._.....-- 
Libby Islands: Lighthouse-.......- 
Petit Manan Island: Lighthouse. - 
Bakers Island: Lighthouse. .._..-- 
Mount Desert Rock: Lighthouse. . 
Bangor: Thomas Hill......-.-.--. 
Belfast: Methodist Church_....-- 
Rockland: Episcopal Church... ..- 
Matinicus Rock: Lighthouse. -.... 
Monhegan Island: Lighthouse. -.. 
Seguin Island: Lighthouse. -....-- 
Bath: Winter 8t. Church. ......-- 


Lat. N. |Long. W.||Coast 
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Massachusetts 


Bhode Island 


Connecticut and New York 


Halfway Rock: Lighthouse. ....— 
Portland: 
Customhouse.............-.-- 
Portland Head Lighthouse... -- 
Cape Elizabeth: Lighthouse (east) - 
Wood Island: Lighthouse........- 
Cape Neddick: Lighthouse- -...-.. 
Boon Island: Lighthouse. _........ 


Whaleback Reef: Lighthouse_..--. 
Portsmouth: 
Navy yard flagstaff. ........-.- 
Fort Constitution...........-.- 
he of Shoals: White I. Light- 


Plum I. 
Ipswich: Lighthouse (rear) ....-.--- 
Annisquam Harbor: Lighthouse. . 
Cape Ann: Thatchers I. Light- 

house (N.).........--.---.-..--- 
Gloucester: 

Eastern Point Lighthouse... -. 

Ten-pound I. Lighthouse. - - -- 
Bakers Island: Lighthouse... -.--.- 
Beverly: Hospital Pt. Lighthouse. 
Salem: Derbys Wharf Lighthouse. 
Marblehead: Lighthouse._........ 
Cambridge: Harvard Observa- 

tory (dome).........-...-....--. 
Boston: 

Navy yard flagstaff...........- 

The Graves Lighthouse. ...-_. 

Lighthouse I. Lighthouse. ..-.-. 
Minote Ledge: Lighthouse......-.- 
Plymouth: Gurnet Lighthouse--.. 
Barnstable: Sandy Neck Light- 


Cape Cod: 

Highlands Lighthouse........- 

Nauset Beach Lighthouse. -... 
Chatham: Lighthouse (south) - -.. 
Monomoy Point: Old tower...... 
Nantucket: 

Great Point Lighthouse- ---.-.-. 

South Church.........-------- 

Sankaty Head Lighthouse... . 
Cape Poge: Lighthouse. ...-....-- 
Tarpaulin Cove: Lighthouse----..- 
Vineyard Haven: W. Chop Light- 

TOUSO 2525. .cceecees sec eseusess 

Gay Head: Lighthouse...........- 
Cuttyhunk: Lighthouse....-...... 
New Bedford: Baptist Church.--- 


Sakonnet: Lighthouse.......--.--. 
Newport: Flagstaff, torpedo sta- 


Point Judith: Lighthouse___...... 
Block Island: Lighthouse (SE.)..-. 
Watch Hill Point: Lighthouse... 


Montauk Point: Lighthouse. _.... 
Stonington: Lighthouse (inner 
break water) 
New London: Groton Monument. 
Race Rock: Lighthouse_........-- 
Little Gull Island: Lighthouse. - -- 
Plum Island: Lighthouse, W. 
Saybrook: Lighthouse, Lynde Pt.- 
Falkner Island: Lighthouse_...... 
New Haven: 
Yale Univ. Obs. Transit Inst... 
Lighthouse breakwater....-..- 
Stratford Point: Lighthouse. .....- 
Bridgeport Harbor: Lighthouse... 
Eaton Neck: Lighthouse........-.. 
Shinnecock Bay: Lighthouse_..... 
Fire Island: Lighthouse.........-- 
New York: 
Navy yard flatstaff...........- 
City: Halls.) eo Seek 
Ft. Wadsworth: Lighthouse ._...- 


ee ee ee eee ee 
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Lat. N. |Long. W 
° Ud ° ? 
43 39 70 02 
43 39 70 18 
43 37 70 12 
43 34 70 12 
43 27 70 2 
43 10 70 35 
43 07 70 20 
43 04 70 42 
43 05 70 44 
43 04 70 43 
42 58 70 37 
42 49 70 5&2 
42 49 70 49 
42 41 70 46 
42 40 70 41 
42 38 70 35 
42 35 70 40 
42 36 70 40 
42 32 70 47 
42 38 70 51 
42 31 70 8&8 
42 30 70 50 
42 23 71 08 
42 22 71 03 
42 22 70 52 
42 2 70 5&3 
42 16 70 46 
42 00 70 36 
41 43 70 #17 
42 02 70 04 
41 52 69 6&7 
41 40 69 5&7 
41 3 70 00 
41 2B 70 03 
41 17 70 06 
41 17 69 58 
41 25 70 27 
41 2 70 45 
41 29 70 36 
41 21 70 50 
41 25 70 «(57 
41 38 70 56 
41 27 71 (12 
41 29 71 2 
41 39 71 «16 
41 50 71 24 
41 27 71 24 
41 22 71 29 
41 09 71 33 
41 18 71 6&2 
41 04 71 «#51 
41 20 71 55 
41 21 72 «05 
41 15 72 03 
41 12 72 «06 
41 10 72 «13 
41 16 72 «21 
41 13 72 «39 
41 19 72 «55 
41 13 72 «57 
41 09 73 06 
41 09 73° «11 
40 357 73 «24 
40 51 72 30 
40 38 73 «13 
40 42 73 «59 
40 43 74 00 
40 36 74 03 


North Caro- 
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Va., Del., Pa., and N. J. 


Maryland 


Georgia | South Carolina 


Ccast Place Lat. N. |Long. W.||Coast Place Lat. N. | Long. W 
° a °e a ° o 
Sandy Hook: Lighthouse (rear)...| 40 28 74 00 Tempe Bay: Egmont Key Light- 
Navesink Highlands: Lighthouse; [|  &3;||| | house....-........-.---222...-.- 36 
(8) Aes ce eeawcweelec’ 0 uw 73 50 ‘Anclota Keys: Lighthouse........- 2 10 

Sea Girt: Lighthouse............-- 4 08 74 02 Cedar Keys: 

Barnegat Inlet: Lighthouse. ....-.- 39 46 74 06 Ast. station, Depot Key...... 2 07 

Tuckers Beach: Lighthouse... ..-.- 39 30 74 °=#17 North Bank No. 1 Lighthouse.| 20 09 

Absecon Inlet: Lighthouse. -._.-.-. 89 22 74 25 St. Marks: 

Ludlam Beach: Lighthouse....--. 39 10 74 «41 Fort St. Marks.........-..... 80 00 

Hereford Inlet: Lighthouse.......-. 39 00 74 48 Lighthouse__..............--.- 30 04 

Cape May: Lighthouse. .........- 38 56 74 58 Crooked i hig Light nouse (rear).} 29 6&0 

P elphia;: Apalachioola: Flagstaff. .......-.. 29 44 
Univ. Obs. (dome)..........-- 30 58 75 17 Cape Bt. George: Mentos aie 29 365 
Navy yard flatstaff, League I.| 39 53 75 ll cape Ban Blas: Lighthouse. ...--- 29 40 

Cee en: Town Hall. .......-.- 30 44 75 33 er Po ed a Point: Lighthouse 55 

pe Henlopen: Lighthouse. - ..-- 38 47 75 05 Pouca 22CSCtCté=<“‘ 2 2 72C72S SS:*é<C=~S~S 

Fenrck iin Lighthouse a 37 56 | 78 Ol Lighthouse 80 21 

ssa @ 7 g use... aud abicuac co 

Hog Island: Lighthouse_—.....---. 37 24 | 75 42 Navy-yard clrimney-.........- 80 21 

Cape Charles: hthouse---..--.- 37 (07 7% & || 

Baltimore: Johns Hopkins Obs...| 39 18 76 37 Sand Island: Lighthouse. ........-. 30 11 

Annapolis: Naval Academy Obs../ 38 59 76 29 Mobile Point: Lighthouse. ........ 30 14 

Point Pookout: Pigatnouse weectue 88 02 76 19 Mobile: Episcopal Church.-...-..- 30 41 

Washington, D Horn Island: Lighthouse.......... 30 13 
Navy yard nacstatl sSecseucees 38 52 77 +00 Round Island: Lighthouse........ 30 18 
Naval Observatory............ 38 55 | 77 04 || oS | Bilox!: Lighthouse.__............ 30 24 
Capitol dome...-..-.--.-.----- 38 53 7 Ol . Ship Island: Lighthouse. .......-. 30 13 

Old Point Comfort: ene gue 37 00 76 18 5 Cat Island: ie thouse_....._-.-. 30 14 

Norfolk: Navy yard flagstaff. ..... 36 6&0 76 18 Chandeleur: Lighthouse_._........ 30 0 

Cape Henry: Lightho Wedecines 36 56 | 76 00 || & | Mississippi River Mouth: 

Currituck Beach: inthe — 36 23 | 75 50 || = ig hee ra ery eat on 

Bodie Island: Lighthouse---....-- 35 40 75 34 . SW ee 

SW. Pass, Lighthouse _-_-_.-_... 2 58 

Cape Hatteras: Lighthouse. --...- 85 15 | 75 3 New Orleans: United States Mint.| 29 58 

Ocracoke: viento siéuobeemase: 35 07 75 89 Barataria Bay: Lighthouse “| 90 16 

§ Newbern: Episcopal spire........- 85 06" | 77 02 Timbalier Island: Lighthouse. .-.. 29 03 

Cape Lookout: clenelouse. sone 34 37 76 31 Ship Shoal: Li bthouse a Siem 8B 5S 

Beaufort: Courthouse. --.--.-.-.-- 34 43 | 76 40 Point au Fer Roof Lighthouse..... 2 22 

held Head) Lente iS OS Caleasiou Pass: Lighthouse (rear).| 29 47 

Pee eezlreor 4 Sabine Bank: Lighthouse.........| 20 2 

Georgetown: Sabine Pass: Lighthouse.........-. 20 43 
Episcopal Church...........-- 83 22 79°17 «|| 
Lighthouse North I_.......-. 33 13 79 11 

Cape Romain: Lighthouse. ..-...- 33 01 | 79 22 Galveston: 

Charleston: Cathedral, N. spire.........-- 29 18 
Lighthouse, Morris I.........- 32 42 79 «+53 Bolivar Pt. Lighthouse. _.-.--- 20 22 
St. Michael’s Church.____..-- 32 47 | 79 56 Brazos River: Lighthouse...._-.-- 8 87 

Beaufort: Episcopal Church. ...-- 32 26 80 40 Matagorda: Lighthouse..........- 2 20 

Hunting I.: Lighthouse__........- 32 23 80 26 Aransas Pass: owe Seceiwutn 27 82 

Hilton Head: Lighthouse (front)..| 32 10 80 43 Brazos Santiago: Lighthouse... ..- 2 04 

J bee mene: aepEnouee (rear). . 2 OL 80 8) |\|-——— 

avannah: Exchange spire.......-. 81 05 

Sapelo Island: Lighthouse. - ~~. 1% | 81 17 Pantie Cie oe iH 

St. Simon: Lighthouse (rear)._.... 31 08 | 81 24 robots Lighthouss 1 38 

Brunswick: Academy..-.--.---.-- 1 00 | 81 2 Mata Redonda: Lighthouse. ..._- 21 14 

8t. Andrew Sound: Lighthouse....| 31 00 81 25 Tuxpam: Lighthouse. ...-.--....-- 21 00 

Amelia Island: Lighthouse...--..- 30 40 81 27 Tecolutla: Lighthouse--..-...--.- 20 30 

Fernandina: Water tower........- 30 40 81 27 Nautla: Lighthouse...-.......-..- 20 16 

St. Johns River: Lighthouse..-...| 30 24 81 26 Punta Delgada: Lighthouse. _.__. 19 51 

Jacksonville: Methodist Church..}| 30 20 81 39 Tacubaya National Observatory 

8t. Augustine: (Meridian circle) ............-.-- 19 24 
Presbyterian Church.-_...-..- 29 53 81 19 Veracruz: 

Lighthouse. ......-.-..-----.- 20 53 81 17 Blanquilla Reef: Light....-..-. 19 14 

Mosquito Inlet: Lighthouse__..._- 29 05 80 56 Anegada de Adentro Reef: 

Cape Canaveral: Lighthouse._.._. 28 28 80 33 ip Gilden vanste desea dats 9 14 

Jupiter Inlet: Lighthouse_.-.-..... 57 80 05 Ver e1.: Light. ga atel a aaa 19 12 

West Palm Beach Cath. Church Sacrificios I.: Light......-.....] 19 10 

SPIO ois oc cee cc ca ee coe tavele eek 26 43 80 0 b | Lighthouse (Edificio) Lectueete 19 12 

Hilisboro inlet: Lighthouse. ._._.. 2% 16 80 05 Enmedio I.: Light_........2-.- 19 06 

Fowey Rocks: Lighthouse--_.....- 25 35 80 06 Blanca Reef: Lighthouse putes oplaety 19 05 

Carysfort Reef: Lighthouse. .....- 25 13 80 13 FE] Jiote Reef: Lighthouse--_.....-. 19 04 

Alligator Reef: Lighthouse........ 2“ 651 80 37 Santiaguillo I.: Lighthouse. _....- 19 08 

Sombrero Key: Lighthouse. .-_...- aA 37 81 07 Roca Partida: Lighthouse. -_...... 18 44 

American Shoal: Lighthouse. -.--.- 24 31 81 31 Puerto Mexico W.: Lighthouse....| 18 09 

Sand Key: Lighthouse...........- 24 27 81 53 Tonala: Lighthouse...-........... 18 12 

Key West: Lighthouse. .-.-....._. 24 33 81 48 Frontera: Lighthouse. ...........- 18 39 

Rebecca Shoal: Lighthouse. --:__- 24 35 82 35 Carmen I.: Lighthouse._........- 18 39 

Loggerhead Key: Dry Moriigas apons I.: Lighthouse...........- 18 47 

Lighthouse_........--..---.-..2-- 38 82 55 Champoton River: Lighthouse._..| 19 21 
Sanibel Island: Lighthouse.-....-_. 2% 27 82 Ol Morros Point: Lighthouse._._....| 19 41 
Gasparilla Island: Lighthouse Arcas Cays: Lighthouse (rear)_..-| 20 13 

(POSE) segs cocci ee 26 42 82 16 West Triangles Reef: Lighthouse..| 20 658 
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MARITIME POSITIONS 
EAST COAST OF NORTH. AMERICA—Continued 
Coast Place Lat. N. |Long. W.||Coast Place Lat. N. |Long. W 
° ‘ ° a ° o e a 
Xi 0: Lighthouse............ 18 388 01 54 Cape Three Points thouse....| 15 67 88 36 
Cam : Lighthouse... .....--.. 19 50 90 32 llos Point: Lighthouse. --...- 15 490 87 87 
Celestun: Lighthouse aan. 20 52 00 2 Tela: Pier light........-..-....... 15 46 87 27 
a Arenas Cay: Lighthouse. ......... 22 07 Ol 24 Utilal. ded Ee Lighthouse... .... 16 06 87 00 
Sisal: Lighthouse euceseccsninwsanae 21 10 90 02 Swan I.: Lighthouse.............. 17 24 83 56 
thouse...........-. 21 17 89 40 False Cape: Lighthouse........... 15 13 838 23 
Alacran Reef: Lighthouse........- 22 2 89 42 
Merida: Cathedral...._..-..--..-- 20 58 89 87 Cape Gracias a Dios: Lighthouse-| 15 00 88 09 
Yalkubul Point: Lighthouse. ...-. 21 31 88 87 Gorda Point: Lighthouse. ........ 14 21 88 12 
Monte de Cuyo: Lighthouse. . .-.-. 21 31 87 41 Puerto Cabezas: thouse...... 14 02 8 BB 
q Cape Catoche: Lighthouse......_- 21 37 | 87 04 Quito Suefio Bank: Lighthouse_.-| 14 28 | 81 07 
Mujeres I.: Lighthouse..........- 21 123 86 43 Serrano Bank: 8. W. Cay Light. 
g Cozumel I:: HWOUSO soo ceo woes cee toe 14 17 80 2 
be North Point Lighthouse.....-. 20 36 86 44 Roncador Bank: thouse.....-. 13 385 80 04 
South Point thouse.......| 20 16 86 50 Old Providence I choaae 13 19 81 2B 
San M Lighthouse... .... 20 31 86 5&7 St. Andrews I.: Ligh OUSO......- 12 36 81 41 
Herrero Point: Lighthouse... ...-. 19 18 87 27 Little Corn I.: a mescaders 12 18 82 8 
Chinchorro Bank: North Cays Bluefields Bluff: house. ....- 12 00 88 41 
thouse._........-.-..------- 18 46 87 19 
Xcalak: Lighthouse. ........-....- 1 14 87 5&0 Greytown: Lighthouse............ 56 88 42 
Port Limon: se ‘tor Uva) Cay 
Rocky Point: Lighthouse_........ 18 22 88 090 Lighthouse............-.....--.. 00 88 01 
any cing a Lighthouse. ._-...-.. 17 37 87 47 
: ooo. Lighthouse.| 17 27 87 23 Cape Toro: Lighthouse........... 9 2 13 
a Half Moon Cay: hthouse.....- 17 12 87 32 Toro Point: Lighthouse. -......... 9 2 70 8&7 
&'S | Bokel Cay: Lighthouse....-...... 17 10 | 87 54 Colon: East Breakwater Channel 
ig Belize: Fort rh George eh aanet 17 30 BS* Uy a RD ee town ecto ceedesesca 9 @ 70 865 
yest & Snake Ca uentouee edu 16 12 88 31 ar Grande: Lighthouse.........-. 9 3 70 3 
a: Ligh ouse......... 16 06 88 49 
WEST COAST OF NORTH AMERICA 
Point Barrow.....-......----.---- 71 2B | 156 18 Shumagin Is.: 
Icy Cape.............-.....-.-..-- 70 16 | 161 47 Unga Be se ee eases eee 55 24 1 160 43 
Cape Lisburne.........-......-.-- 68 52 | 166 06 Pirate Cove: Lighthouse. .-... 55 22 1160 22 
Point Hope: Lighthouse... .......- 68 20 | 166 45 Cape Wedge: Lighthouse. .--- 55 18 | 150 63 
ape Krusenstern................. 67 09 | 163 39 Kukak Bay: Lighthouse.........-. 68 20 | 1% il 
Chamisso I.......-.....-------.-- 66 14 | 161 45 iak I.: 
CapeEspenberg: Light.........-.-. 66 35 | 163 40 Harvester I.: neue Light.......| 57 88 | 154 00 
DiomedelI. Fairway Rock ....-..-. 65 36 | 168 40 Prokoda I.: Lighthouse euecule 57 64 | 152 31 
‘ Cape Prince of Wales: Light... ..- 65 36 | 168 0& Puffin L.: Lighthouse Rivets ao 57 45 | 152 26 
Grantley Harbor: Light...........| 65 17 | 166 20 Hanin Rocks: Lighthouse... -- 57 8 | 152 19 
Point Spencer: Light............- 65 17 | 166 6&0 Afognak I.: Cape Tonki Light- 
NG Fb beg eda Set wcouswacssccess 64 6&8 168 02 DOUSS: ood psk sceeecete cue ce coe, 68 21 152 00 
Sledge 1: Lighthouse_.-....-.-..- 64 30 | 166 11 E. Amatulil.: Lighthouse. ....... 58 85 | 151 58 
Nome: Ames Bidg., F. 8....-...-- 64 30 | 165 2% Chisik I.: Lighthouse idem cuaciete 60 05 | 152 384 
Port Safety: Front Light..........| 64 2 | 164 44 Kalgin I.: Lighthouse............. 60 2 1151 8 
Cheenik: : Light ieee aa ere a Sere 64 33 | 163 02 East Foreland: Lighthouse._....-- 60 43 | 151 25 
Golofnin Batt : Light wesiectoeusses 64 381 | 162 55 Anchor Point: Lighthouse. ....... 60 46 | 151 52 
wee I.: Lighthouse. .......-.... 63 30 | 161 6&9 Seldovia: Gray Cliff Lighthouse..| 59 27 | 151 44 
Ee Stephens: Lighthouse.--.--- 63 33 | 162 18 Flat 1: Lighthouse. ...-.......... 69 20 | 152 00 
t Romanoff: Lighthouse......| 63 12 | 162 50 Pearl I.: Lighthouse...---.----.-- 59 O07 | 151 38 
bostollk River: Lighthouse.....-. 63 02 | 163 19 enueeen I.: Lighthouse..........- 69 06 | 151 27 
Cape Romanrof.........-..--.---- 61 48 | 166 04 Beal Rocks: Lighthouse. .......... 69 31 | 149 38 
St. Lawrence I. NE. Cape.-...-..-- 63 18 | 168 42 Pilot Rocks: Lighthouse........--. 50 44 | 149 290 
St. Matthew I. Cape ss id ar eoaeae 60 18 | 172 04 Hive I.: Lighthouse..._..........- 60 6&3 | 149 2B 
Pribilof I., St. George alnoi Point Elrington: Lighthouse. -.... 59 66 1 148 15 
Pt oie et eae dee eee 56 36 | 169 47 Cape Hinchinbrook: Lighthouse..| 60 14 | 146 39 
Hist Moller canny ceuiberetan cas He SS sa . deere Point: Lighthouse... ...- 60 20 | 146 387 
tchikan: Courthouse........... 1 1 eZ: 
Middle Rock Lighthouse...... 61 05 | 146 4 
Attu I.: Chichagof Harbor Ast. Long. E. Busby I. Lighthouse.......... 60 & | 146 49 
Biases toes a es ewe vee tes 52 86 | 173 14 Orca Bay: 
Kiske I.: Kiska Harbor Ast. 8ta..| 51 58 | 177 380 Gravina Point: Lighthouse....| 60 87 | 146 16 
Amchitka I.: Constantine Harbor Channel I.: Lighthouse._....-. 60 37 | 145 49 
Ast: Bthiccs sp ccanetectccseusccds 61 2 | 179 21 Egg Islands: Light ousé......-..- 60 22 | 145 44 
Martin Islands: Lighthouse... .... 60 10 | 144 387 
Long. W Kayak I. Cape Bt. Elias: Light- 
Adak I.: Unalga Bight, BayofIs...; 51 46 | 176 49 DOUSO i ose2 a ecSce ee eccecekceuee 69 48 | 144 36 
4 | Atka: Church spire..............- 62 12 | 174 12 Ocean ( Cape: Lighthouse. ......... 89 32 | 130 51 
Nikolski: Church. ......-...-...-- &2 86 | 168 52 Cape Spencer: Lighthouse._.....- 68 12 | 136 38 
g Dutch Harbor S8pithead: Light- | Cape Edward: Lighthouse... .....- 87 41 | 136 15 
NOUS o 352052 oot ace wen ces: §3 683 | 166 31 Cape Edgecumbe: Lighthouse.....| 57 00 | 135 651 
Akutan: Lighthouse. -._.........-. 54 09 | 165 44 Sit a Harbor: Lighthouse... ...... 87 03 | 135 20 
Cape Sarichef: Lighthouse. ......- 54 36 | 164 56 Cape Ommaney: Lighthouse--_---- 66 10 | 134 40 
Unimak I.: Point Crowley: Lighthouse... .-- 5 07 | 134 15 
Scotch Cap: Lighthouse... .. 54 24 | 164 45 Cape Chacon: Lighthouse......... && 41 | 132 Q1 
Cape Pankof: Lighthouse..--.. 54 40 | 163 04 \ 
Sanak: Lighthouse...........-...- 54 20 | 162 44 e| Langaral.: Lighthouse._.........- 54 15 | 138 08 
Kabuch Point: Lighthouse... ..-.-- 54 49 | 163 21 ea Cape St. James: Lighthouse. ._.._- 61 63 | 131 02 
Fox I.: Lighthouse............-.-. 54 57 | 162 26 ao Copper Is.: Lighthouse. ._.....__- 52 20 | 131 10 
Tiasik I.: Lighthouse_..-.-.-.--- 65 02 | 161 56 [155%] Low L: Lighthouse... 22220222222. 52 85 | 131 31 
Arch Point: thouse..........- 65 12 | 161 & =| Kinguil.: Lighthouse........._... 63 O1 | 131 38 
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Coast 


Oregon Washington Vancouver Island 


California 


Place 


Entrance I.: Lighthouse....._...-.- 
Lookout I.: Lighthouse. ........-- 
Nootka: San Rafael I. Lighthouse. . 
Estevan Point: Lighthouse........ 
Lennard Jsland: Lighthouse-...--- 
Amphitrite Point: Lighthouse - - -. 
Swale Rock: Lighthouse... ._..-..- 
Cape Beale: Lighthouse...._...... 
Pachena Point: Lighthouse. .-.-.-.. 
Carmansh: Lighthouse. ........-. 
Sheringham Point: Lighthouse.... 
Race Rocks: Lighthouse. .....---- 
Nieto Harbor: Berens I. Light- 
Fiddle Reef: Lighthouse. ...-...-- 
Discovery I.: Lighthouse- .-....--- 


Point Roberts: Lighthouse.._....- 
Semiamoo Harbor: Lighthouse. - -- 
Patos Islands: Lighthouse_....--.-- 
Smith Jsland: Lighthouse.....-.-- 
West Point: Lighthouse........-.-.. 
Seattle: C. 8. ast. station........-.- 
Tacoma: St. Luke's Church....-.. 
Robinson Pt.: Lighthouse.-.------ 
Bremerton: Navy yard flagstaff... 
Alki Point: Lighthouse__....._-.- 
Point No Point: Lighthouse... ...- 
Port Townsend: 

Hudson Pt. Lighthouse. - --- -- 
Point Wilson: Lighthouse..-.-.--..- 
New Dungeness: Lighthouse-..-. - 
dere Angeles: Ediz Hook Light- 
Slip Point: Lighthouse-.-.-....--- 
Cape Flattery: Lighthouse-.-_-.--- 
Destruction Island: Lighthouse- -- 
Grays Harbor: Lighthouse----.-..- 
Willapa Bay: Lighthouse... -.-.--- 
eane Disappointment:  Light- 


Tillamook Rock: Lighthouse. ---.. 
Cape Meares: Lighthouse......-... 
Yaquina Head: Lighthouse. ...-.- 
Heceta Head: Lighthouse. .....--- 
Siuslaw Inlet: Light (front). -...--- 
Umpqua River: Lighthouse. ..-..- 
pe lsedrerie 5 Lighthouse. ..-..---- 
Coquille River: Lighthouse. -.----.. 
Cape Blanco: Lighthouse. ....---.- 


St. George Reef: Lighthouse. .---- 
Crescent City: Lighthouse...-.... 
Redding Rock: Lighthouse. .-.---- 
Trinidad Head: Lighthouse....... 
Eureka: Methodist Church...-.... 
Table Bluff: Lighthouse. ._.-....- 
Cape Mendocino: Lighthouse... 
Punta Gorda: Lighthouse....-.... 
Point Cabrillo: Lighthouse. -—-.-.-.- 
Point Arena: Lighthouse......-... 
Point Reves: Lighthouse.......-.- 
Point Bonita: Lighthouse........- 
Alcatraz: Lighthouse._............ 
Carquinez Strait: Lighthouse. .... 
Mare I.: Chron. and tire sta. 
Navy Yard ee einai wtncuaaa ane oe 
Berkeley: Univ. of Cal. Ohs_..._- 
San Francisco: W/T Station, 
K. P. O., east tower.....2....... 
Goat Island: Lighthouse_......._- 
Mile Rocks: Lighthouse. ........- 
S. E. Farallon: Lighthouse_.....-- 
Point Montara: Lighthouse____..- 
Pigeon Point: Lighthouse._....__. 
Afio Nuevo L.: Lighthouse__._.._- 
Santa Cruz: Lighthouse_......._.- 
Point Pinos: Lighthouse...-...... 
Point Sur: Lighthouse. ...-.....-. 
Piedras Blancas: Lighthouse_._._. 
San Luis Obispo: Lighthouse. ._.. 
Point Arguelio: Lighthouse. .._..- 


Lat. N. |Long. W.||Coast 


APPENDIX IV 
MARITIME POSITIONS 
WEST COAST OF NORTH AMERICA—Continued 


California 


Lower California 


‘Mexico 


Central America 


Place Lat. N 

° c 

Point Conception: Lighthouse....| 34 27 

Richardson Rock: Lighthouse...-| 34 06 

Santa Barbara: Lighthouse... --.-- 34 24 

Point Hueneme: Lighthouse... -- 34 09 

eoneaee a Island: Lighthouse. -.--.-- 34 Ol 

Point Fermin: Lighthouse. __-...-.. 33 42 
Los Angeles Harbor: Light (break- 

WOlED) - <occ ceed owes seee eed 33 43 
Point Loma: Lighthouse.-...-_---- 32 40 
Santa Catalina I.: Catalina Peak..| 33 2 
San Nicolas I.: Summit._.....-.-- 33 15 
Coronados Islands: North Light- 

OUSE ors so ocuictevotess occa iia 32 25 
Todas Santos Islands: Lighthouse_| 31 49 
Banda Point: Lighthouse. .__.--.- 31 45 
Santa Rosalia Bay: Obs. cairn..--| 28 40 
Magdalena Bay: Men of War 

Cove Light....052c2.scec0cccse.: % 38 
Cabo Falso: Lighthouse........--- 22 82 
ae a ose del Cabo Bay: W/T sta- 

ote eerie ee aan eae sere B 3B 
Pricts Point: Lighthouse-_...--.- 24 13 
La Paz: Merican Obs. spot......- 24 «10 
Port Loreto: Lighthouse. ...-.----- 2% 01 
eee: El] Sombrerito Light- 
sista elas dos eesti he ae 2 5&4 
Santa E Rosalia: Mole Light..._..-.. 27 2 
Pajaros I.: Lighthouse. .......-.-.- 7 53 
Cape Haro: Lighthouse.......-.-- 27 50 
Lobos I.: Lighthouse_.........-...- 27 20 
Puerto Yavaros: Lighthouse. -__..- 2% 41 
Topolobampo: Mole Light.._..... 25 35 
Mazatlan: Creston I. Lighthouse.-| 23 11 
Maria Madre I.: Balicto Pt. 

Lighthouse............-.-----..- 21 36 

an Bias: 

Vigia Hil] Lighthouse......... 21 32 

Customhouse........---......- 21 32 
Puerto Ballarta: Lighthouse. .._.- 20 37 
Cape Corrientes: Lighthouse...._. 20 24 
Manzanillo: Lighthouse_.........- 19 04 
Punta de Campos: Lighthouse....| 19 QO] 
San Telmo Pt.: Lighthouse Gcedeed 18 19 
Acapulco: Roqueta I.: Lighthouse.| 16 49 
Maldonado: Lighthouse. eens 16 19 
Port Angeles: Punta Izuca Light-. 

house... ...-.....---------------- 15 39 
Morro Ayuca: Lighthouse. ...._-- 15 52 
Salina Cruz: Lighthouse. ....._... 16 09 
Arista: Lighthouse.......-----2--- 15 86 
Puerto de San Benito: Lighthouse.| 14 42 
Ocos River: Lighthouse_-_._...... 14 30 
Champerico: Lighthouse. ......... 14 18 
San Jose: Lighthouse........2222. 13 55 
Acajutla: Lighthouse...........2-- 13 35 
Remedios Pt.: Lighthouse._.._._-. 13 31 
La Libertad: Lighthouse ........- 13 29 
Amapals Point: Lighthouse._._._. 13 09 
La Union: Lighthouse. ........._. 13 2 
Corinto: Cardon Head Light- 

NOUSE gic ed. hou u cen auues 12 2 
San Juan del Sur: Lighthouse-_.__. ll 15 
Puntarenas: Pier light.....2...2._. 9 58 
San Lorenzo: Lighthouse__......_- 8 12 
Linartes 1.: Lighthouse. -._.._-_2_- 8 07 
Entrada Pt.: Lighthouse__..___ 2. 8 05 
Burica Pt.: Lighthouse_....... 22. 8 Ol 
Afuera T.: Lighthouse._..-2.22 222. 7 40 
Jicarita I.: Lighthouse. ._.. 2.2222. 7 12 
Morro Puercos Lighthouse___..... 7 15 
South Frailes I.: Lighthouse__._.. 7 2 
Cape Mala: La thee uate. 7 2 
Anton River: Lighthouse._..._..- 8 ll 
Panama Cothedral, S. tower_____. 8 57 
Balboa: Pier light_.......-.....2_- 8 57 
Bona I.: Lighthouse. ......2.._2.. 8 35 
Pacheca I.: Lighthouse. .....2.. 8 40 
Flamenco L.: Lighthouse....2. 2... 8 55 
San Jose I: Lighthouse Dot add artes 8 33 
La Palrna: Lighthouse_.....2..... 8 25 
Patifiito I.: Lighthouse... ......_- 8 16 
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Coast Place Lat. N. | Long. W.|| Coast Place Lat. N. | Long. W 
° , ° e ° ‘ ° td 
Bahama I.: Lighthouse. .........- 26 29 | 78 41 Navassa I.: Lighthouse. ........-- 18 24 | 75 01 
Great Isaac: Lighthouse........-.- 2 02 79 06 Cape Samana: Lighthouse_...-.-- 19 18 69 09 
Gun Cay: Lighthouse......._....- 25 34 79 18 Cape Viejo Frances: Lighthouse..| 19 40 69 65 
Great Stirrup Cay: Lighthouse..-| 25 50 7 54 Port Plata: Lighthouse. ...-.-.--- 19 49 70 41 
North West Channel: Lighthouse.| 25 28 78 10 Monte Cristi: Cabra I. Lighthouse.| 19 54 71 +40 
pric hese Island: Fresh Creek Light- Cape Haitien: Picolet Pt. Light- 
Siegen Ge ee eel oe oo aes oe 24 44 77 48 house. ....---------------------- 19 48 72 12 
Double-Headed Shot Cays: Light- Tortuga 
NOUS snes Soe ea eeccees 2B 356 80 2B E. ep oint Lighthouse._......-- 20 Ol 72 38 
Lobos ( Cay: Lighthouse... _.......- 22 2B 77 35 W. Point Lighthouse. ._.....-- 20 04 | 72 58 
3 Great Imagua Island: Lighthouse..-| 20 56 73 40 = | Cape St. Nicolas Molo: Light- 
Salt Cay: Lighthouse..........--- 21 21 | 71 12 c| NOUSO 2 oh eoe ta coe tea nce eae 19 80 | 73 25 
Grand Turk: Lighthouse. ..._..-.- 21 31 71 (07 St. Mare Point: Lighthouse.-..-.- 19 04 72 50 
South Caicos I.: Lighthouse. ----.- 21 30 71 «31 ‘S| Arcadian Is.: Lighthouse...--..--- 18 49 72 39 
Castle Island: Lighthouse........- 22 08 74 20 2 Port au Prince: 
@ | Crooked Island: Bird Rock Light- Lamentin Point Lighthouse..| 18 33 | 72 24 
NOUSO a5 65 Seto eee 22 51 74 22 4 Fort Islet Lighthouse. --....-. 18 34 72 «21 
Long 1 I.: Cape St. Maria Light- Rochelois Bank: Lighthouse. ---.. 18 39 73 «(12 
nee te OE are eee 2 40 75 20 Cape Dame Maria: Lighthouse...| 18 37 74 26 
Devil il Point: Lighthouse-_.._...--- 24 08 75 29 Vache I.: Lighthouse. _......-..-- 18 04 73 «34 
San Salvador (Watlings): Light- Cape Jacmel: Lighthouse..------- 18 10 72 «32 
HhOUS6@ 2350.2 ei eee Sat 24 06 74 2B Alta Vela l.: Lighthouse.........- 17 2 71 38 
Eleuthera 1: Lighthouse......-.-- 24 37 76 08 Punta Salinas: ighthouse..-...--- 18 12 70 32 
Gouldin Cay: ighthouse........}] 25 02 77 35 Santo Domingo: Lighthouse. -...- 18 2 69 53 
Athdl island: Lighthouse.....--.-| 25 05 | 77 17 San Pedro de Macoris: Light- 
Neow Harbor: Hog I. Light- NOUS6. 22h oes eee tees 18 26 69 17 
ie eeelicio Sk Gea ese dls seal 25 06 7 22 Romana: Lighthouse.......-.....| 18 25 68 57 
Abaco I. Hole in Wall: Light- se ei a ae Saona I.: Lighthouse.............. 18 07 68 34 
Elbow Cay: Lighthouse. --.-.--.- 2% 81 | 76 58 Mona I.: Lighthouse......-...-.-- 18 08 | 67 61 
Point Borinquen: Lighthouse. ---- 18 29 67 10 
Cape Maisi: a ae etceweaos 20 15 74 08 Port San Juan: Lighthouse. ....._- 18 28 66 07 
Port Baracos: Lighthouse....___.. 2 21 74 30 Cape San Juan: Lighthouse......-. 18 2 65 37 
Port Tanamo: Lighthouse. -.._..-. 2 43 75 19 Cabeza de Perro: Lighthouse. ..-_. 18 15 65 35. 
Nipe Bay: Mayari Pcint Light- g Cabras I.: Lighthouse.......-...--. 18 13 65 36 
HOUSO 2.452 cee 2 sects ssos neces 20 48 75 31 Point Tuna: Lighthouse. ......._- 17 59 65 53 
Moa Grande Cay: Lighthouse....| 20 42 74 54 Ss Res Point Figuras: Light- 
Pt. Lucrecia: Lighthouse-......--. 21 05 | 75 37 oy lp  DOUSB 2s acces ee a eee tastec: 17 87 | 66 03 
Port Sama: Lighthouse..........- 21 08 75 «46 | Jobas a Harbor: Lighthouse... ..._- 17 56 66 17 
Port Vita: Lighthouse..........-- 21 06 75 58 fie Muertos I.: Lighthouse.__....._.- 17 54 66 31 
Port Gibara: Lighthouse.........- 21 07 76 07 Ponce: Cardona I. Lighthouse._-.| 17 68 66 38 
Port Padre: Lighthouse..-.....-.- 21 17 76 32 Guanica: Lighthouse. .......-....- 17. 87 66 64 
Nuevitas: Practicos Pt.: Light- Cape Rojo: Lighthouse_-........_- 17 56 67 12 
DOUS6 oo oece ete oee ens cesesss- 21 37 77 06 Point Jiguero: Lighthouse... -..-. 18 22 67 16 
Paredon Granda Case Rigbthnu: 2 29 | 8 10 || 
on Grande Cay: Lighthouse. 1 
Cay Frances: Lighthouse. .___..-- 22 39 | 79 4 vere I.: Point Mulas: Light- 13 09 | 68 27 
as oh anmeeneae eo en eee Culebriia. Island: Lighthouse." 18 19 | 65 14 
Bahia de Cadiz Cay: Lighthouse.-| 23 13 | 80 29 all Rock: Lighthouse. ....-----.- 1 65 
rd Baht eee Lighthouse. - 2 7 80 5A ae ae ighthouse........-- 18 17 64 54 
edras Cay: Lighthouse........-.. 7 
£ | Diana Cay: Lighthouse (1930)....| 23 10 | 81 06 Judge B pice a ceed Pea nae ate cd 
& | Matanzas: Maya Point Light- 3 a ergs ghthouse re ere 
house. is le ones Latte et Zz 06 S28 0 Was tA eo ae eee 
Habana St. role I.: Hams Bluff Light- a are 
Morro C are Tnnenoure eas a i = a Tortola: Fort Burt._.........-.-.- 18 25 64 37 
Port Mariel: Lighthouse.........- 23 Ol | 82 45 Sombrero: Lighthouse. ........--- 18 36 | 63 26 
Cabafias: Lighthouse_......._.--- 23 00 82 59 Se Mach Customhouse.........-. 18 13 63 05 
Gobernadora Pt.: Lighthouse. --.. 23 00 | 83 13 - Martin. 
Jutias Cay: Lighthouse. -.... 22 43 | & O1 rake neh maha creecneece- . ns = 06 
Cape San Antonio: Lighthouse...| 21 52 84 57 rane DAY Lignl .-..-~-----« 0 04 
Batabano: Lighthouse . . 22 41 82 18 St. Bartholomew: Fort Oscar. ..-- 17 54 62 51 
Piedras Cay: Lighthouse.....----- 21 58 | 81 07 = as Harrier ee ea oo 17 s 63 15 
Fast Guano Cay: Lighthouse. ---. 21 AO?) 181 202. Ie ee aren eee ees a ioe 
Cienfuegos: : Lighthouse. ._.....--- 22 02 | 80 26 Bass a tl hth 7s! a 4 
Blanco Cay: Lighthouse. ._.....-- 21 38 | 79 53 B by Island. oF iat wneerce- a er 
Zarza Blanco Cay: Lighthouse...| 21 36 | 79 36 CODY Sean SU Sha esesece ences 
Breton Cay: Light 21 07 79 27 Nevis: Fort Charles........... .-- 17 08 62 37 
Perla Cay: Lighthouse__._.....--- 20 22 77 «(15 peruse Flagstaff, Martello 17 36 | 61 50 
Cape Cras Theo en eae Antigua; 
antiago de Cuba: Lighthouse..-.-- ] 
Guantanamo Bay: Lighthouse, Bnglish Harbor: Flagstaff, 17 00 | 61 46 
Windward Point_-...-.......---- 19 53 75 10 Sandy Ysland: Lighthouse....| 17 07 61 55 
8t. Johns Cathedral_....._.-- 17 06 61 50 
Grand Cayman: Gorling Bluff: Pillar Rock: Lighthouse-_--_-._- 17 06 61 53 
Lighthouse. ..................--- 19 18 81 07 Redonda Islet: Center__.........- 16 56 62 21 
Cayman Brac: Lighthouse. ...__.- 19 43 79 50 Montserrat: Plymouth Wharf..--. 16 42 62 13 
South Negril Point: Lighthouse...| 18 15 78 23 Guadeloupe: 
Galina Point: Lighthouse......--- 18 25 76 55 Petite Terre: Lighthouse.---.. 16 10 61 07 
Morant Pomt: Lighthouse... .....- 17 55 76 Oil Pointea Pitre: Monroux Light_}| 16 13 61 32 
= Kingsto Destrade I: Frigate Bluff -..._.... 16 18 61 06 
una Point Lighthouse. ----.- 17 56 76 47 Saintes Islands: Tower on Cha- : 
Fort Augusta Lighthouse. - --. 17 58 76 51 meau Hill......222 22-2. 15 52 61 36 
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Coast Place Lat. N. |Long. W.||Coast Place Lat. N. |Long. W 
° a ° td ° o @ e 
Dominica, Roseau: Fort Young Grenada: 
Poo puaatinas ose se An eat a ms . _ a Gomes Harbor Light- sa ie ar 
ves I. ........2.2--..-e-----| 15 42 | 68 388 || | | house.__...-. 2-2 lll... 
Martinique: Saline Point Lighthouse. ..... 12 00 61 48 
Caravelle Pen. Lighthouse....} 14 46 00 53 Tobago I.: Lighthouse.-_......_... 1l 10 60 43 
Fort de France: Light- Testigo Gran le L.: Village.......- 11 B 63 07 
Big a ries aucwsstewasesacecas 14 36 | 61 04 d Toe Reaves Lt : Lighthouse........ 11 58 | 66 41 
. Luciag 
§ Port Castries Lighthouse. ---.. 14 02 61 Ol Colorado Pt. Lighthouse... .. 12 25 09 5&2 
Tapion Rock Lighthouse. ---- - 14 01 61 01 § Pan de Azucar (Hooiberg)..-.| 12 81 70 00 
L Cape Moulé Chique Light- ae eee Oranjestadt thouse......- 12 31 | 70 02 
OUS®. ...2.2.------ ~~ ~~~ --- ona 
Barbados: j Boca Spelonk Lighthouse... . 12 14 68 12 
South Pt. Tapa case Beto cee 13 03 59 32 Kralendijk Lighthouse. ._..... 12 09 68 16 
Ragged Pt. Lighthouse. .....--. 13 10 59 26 North Point Lighthouse - - ...- 12 19 68 2B 
N m Pt. Lighthouse... -- 13 05 59 37 Little Curacao: thouse.../ 11 59 68 39 
St. Vincent: Kingston Light- uracao I.: 
ya teeta hein cate eteeeienl ate 13 09 61 15 ig oe Anna Harbor Light- 
Grenadines: Carriacou I. Light-| = # |  #| | howse....-...2 2222. e elle. 12 06 68 56 
OUSG 2S cos sew eeascecceteeceess 12 29 61 27 North I Point Lighthouse. -.... 12 2B 60 0D 
Tesoro I.: Lighthouse. ..........-- 10 14 75 45 Para River—Continued. Lat. 8. | Long. W. 
C : cone Cones Virado: Light- 
3 sn Domingo Battery Light-; j= | || | _house.......-....----.-.--.. oo | 48 2 
§ | _house...--......-...-.---..- 10 2% 75 83 : Gaienaai: Lighthouse......- 0 36 48 03 
habe Colombia: Cupino Beach re — rain Apis: i E bouse De ctapt as ri MY 
OUN6 22 eedsctccneewends arauassu I.: Ouse. __...-.- 
3 Gomes I.: Lighthouse. ........... 11 05 74 48 Itaculumy Point: Lighthouse... .. 2 10 44 25 
Ea Hache: Lighthouse it 33 | 72 65 Marantias U7 fen Marcos Fae) tt 
: thouse...........- aran arcos For 
Lighthouse.......-....-.-.-.---- 2 20 44 17 
Vela de ses Lento ars 1l 2B 69 34 Santa Anna: Rice inten Uscuucees 2 ae = 
Puerto Cabello: Brava Poin Preguicas River: ouse...... 
Ey sees Fer Slectendanemacee o 4 . e bat ae he River, Papagaiol.: Light- a hae ae 
ua ghthouse............] 10 37 | 66 56 || |  house_..._..........-........-... 
Carenero: Lighthouse............- 10 82 66 07 Pedra d do Sal: Lighthouse. -.....-- 2 49 41 45 
; ovens Hor. Pitahaya I.: Light- er he rier theniss River, Amaracao: ‘ iis 
OUS6.. eee eee -f 61 CC COR ODO iw LIB OUOOUSO. Nw ee 
Cumana: Lighthouse. ...........- 10 2 64 12 Camocim River: Lighthouse... -. . 61 0 88 
& ta L.: Pt. Me andahu: Melancia Light- 
> orlamar Lighthouse. -_......- 10 57 638 51 {| | house... 2.22 lll... ll 39 21 
Pampatar Lighthouse... -.--.- ll 00 63 48 Ceara Point Mocuripe Light- 
Orinoco ree Point Barimaj| = [| jf {| _. house............2--..--2.-..--. 38 28 
Pics Labaced tho um hth cssgecetestetued ‘ic + m4 < Aracaty: Jaguaribe River Light- a era 
arupano: ouse.........---| 10 41 | 63 15 || |  house..........22222 22.2... 
sient liens Bais aed vio] | BB 
: co Fernando Noronha..--.- 
© eb Dreeon 10 42 61 48 Ponta do Barra Vermelho: Light- 
Py cr house 3 | 32 28 
nidadI.: = fF. JF...) Tf gy JP . MOUSe.----.-.------------------- 
Port of Spain Lighthouse. ..... 10 39 | 61 31 Rocas 3 ee ue Peasunecaee : He ss = 
oe ee if poe yuMent 10 39 61 31 Macao: Lighthouse SCE ne! 5 06 36 36 
Es Se inc thou 10 15 | 61 38 Santo Alberto Point: Lighthouse..| 5 02 | 36 O1 
Teacos Pt. Tahiti 10 03 | 61 56 Cape Calcanhar: Lighthouse... 5 10 | 35 29 
Galera Pt. Lighthouse-.......| 10 50 | 60 6&5 Cape 8t. Roque: Lighthouse... . - - 20 | 85 16 
; Blo. Sreade do Norte: Ft. Reis ‘ a 
agos Lighthouse. .....-.....-- 
Georgetown: Lighthouse. --.._-...- 6 50 58 10 Natal: Cathedral................. 5 47 35 13 
es River: Entrance light- 5 57 | 55 13 Cape Bacopary: Lighthouse. _.... 6 22 | 35 00 
OUSG nec tec atee ac ceted ; 
a Paramaribo: Radio masts........- 5 5&0 55 10 P Lina Pedra Secca: 6 57 34 49 
a srony ee OE ere Pt. Pedras: Lighthouse...........| 7 37 | 34 48 
gare ne te eae ae aaa : rr 53 59 Pernambuco: 
S Isere Point Lighthouse. -----27-7- ee Olinda Pt.: Lighthouse 8 01 | 34 51 
Salut Is.: Lighthouse. -_.........- 5 17 52 35 sa Mar ray har a may 8 03 
: 2 Recife: Lighthouse.........-.. 84 52 
Enfant Perdu: Lighthouse.......- ee eee Cape St. Agostinho: Lighthouse.| 8 21 | 84 57 
Cayenne: Lighthouse. -.--.-...-.- #96 62 2 Tamandare: Fort Santo Ignacio: 
Amaron River Borte de Poaras: Licninouse 9 10 | 35 18 
mazon Niver orto ras: thouse...... 
Bailique I Lighthouse esses ; re n oe Mecsine . 
acapa OUS€.....-.---- Lighthouse....-.....-...-.---. 9 4 35 44 
Verde Point Lighthouse... ... 9 40 85 42 
Lat. 8. | Long. W. Jiquia: Church. -..--...2--------- 10 Ol 36 01 
Machadinho I.: Lighthouse... -...- 0 09 48 44 Samoco: Lighthouse. .._...--..--- 10 31 36 24 
i cape Meret: Lighthouse.......- 0 17 48 25 Ae ae Cotinguiba River Light- iocke —_" 
P V@R. ee OS I PS OUS6 cn a cae cee e ee tetece 
oT RG are: Lighthouse. .......-.-- 0 42 48 35 Garcia de Avila: Lighthouse._.... 12 35 38 00 
Joannes: Lighthouse._..-.-._- 0 51 48 31 Itapoan Point: Piraboca Rock 
Capim I.: Lighthouse_....---. 1 38 48 52 Lighthouse_.....-.....---...--.-- 12 57 88 21 
Arrozal: Lighthouse shitaied Sante 1 27 48 42 Mare I.: Tinoaso Point Light 
Para: Customhouse.-.......-- 1 27 48 30 HOUSG. scot Sosvenwrck aces sas lee 47 38 32 


Coast 


NORTH AND EAST COASTS OF SOUTH AMERIOCA—Continued 


Place 


Frade I.: Lighthouse.............. 
Benes Fort 8an Antonio Light- 
OUSO es ooh 5 Scot Sa eesaees 
Morro de Sao Paulo: Lighthouse - 
Camamu: Quiepe I.: Lighthouse - 
Morro Pernambuco: Lighthouse.. 
8. Jorge dos Ilheos: Church......- 
Belmont: Lighthouse. ............ 
Santa Cruz: Church. .-..........-- 
Porto Seguro: Lighthouse......... 
Corumbao Point: Lighthouse----. 
Balea Point: Lighthouse........_- 
Abrolhos I.: Lighthouse.........-- 
Rio Doce, Regencia Augusta: 
Lighthouse...............-..---- 
Santa Luzia Point: Lighthouse. . - 
Escalvada Islet: Lighthouse. ._.-.- 
Franceza I.: Lighthouse._........- 
Sao Joao da Barra: Lighthouse...-. 
Cape St. Thome: Lighthouse. --.-. 
Santa Anna I.: Lighthouse_......- 
Point Laginha: Lighthouse. ...... 
Cape Frio: Lighthouse..........-- 
Negra Point: Lighthouse....._._-.- 
Marica I.: Ligh 
Rio de Janeiro: 
Fort Vill enon] Lighthouse. . 
Ilha F Lighthouse_.-.....- 
National Observatory (Since 


mere rar ere wewracweaneesevooee 


oint: Lighthouse._...- 
Marambaia Rock: Lighthouse. - -- 
Sapetiba Bay: Soco I. Lighthouse. 
Pino Islet: Lighthouse. -.........-- 
Preta Rock: Lighthouse.........-. 
ha Grande: 
Castelhanos Pt. Lighthouse. -. 
Branca I. Lighthouse. .....--. 
Rapada I.: Lighthouse..._.......- 
Parati: Fort....-.--....-.....-.-- 
Cape Joatinga: Lighthouse........ 
Ubatuba: Cathedral 
Tha Sao Sebastiao: 
Canaveiras Point Lighthouse . 
Boi Point: Lighthouse. -._..... 
hthouse. .--.- 


Bertioga: Light......-......-.-..- 
Santos: Moela I. Lighthouse. ----. 
Lago de Santos: Lighthouse......-. 
Conceicao Ch 
Queimada Grande I.: Lighthouse . 

Bom Abrigo Lighthouse Se oiateeese 


ee ee 


EAST AND 


Martin Garcia I.: Lighthouse-_-_-. 
Buenos Aires: Darsena Norte, Obs. 
and a SUB eset ere iecesseuewee 


La Plata 
potions ae 


E. mole) L 
ational U Obs. (mer. 


me GOenntenzreanec sen aeeaaecancoe 


circle o- . 
Piedras Point: Lighthouse. ....... 


Cape San Antonio Lighthouse. - -- 
Point Medano: Lighthouse. ...... 
uerandi: Lighthouse............. 
ta se olen? Lighthouse... .-.- 
hthouse..........-.. 


Port o: L 
ilitar: Point 

Lighthouse........-......--.---- 
Seouae. Barranca Point: Light- 
Rio Negro: Lighthouse...........- 
San Matias: Lighthouse..........- 
dpi San Antonio: Delgado Bea- 


Lat. 8. |Long. W.||Coas 


APPENDIX IV 
MARITIME POSITIONS 


° e ° 
12 49 38 
13 Ol 38 
13 B 38 
13 51 38 
14 49 39 
14 48 39 
15 51 38 
16 17 30 
16 25 39 
16 52 39 
17 41 39 
17 58 38 
19 37 39 
20 19 40 
20 43 40 
20 54 40 
21 37 41 
22 03 41 
22 25 41 
22 54 42 
23 (01 42 
22 57 42 
23 Ol 42 
22 «55 43 
22 (5A 43 
22 «(54 43 
23 (04 43 
23 (05 43 
23 «07 43 
22 (57 43 
23 «(06 44 
23 «(03 44 
23 10 44 
23 08 “4 
23 09 44 
23 12 44 
23 18 44 
2B 26 45 
2B 43 45 
23 58 45 
23 651 45 
24 «(06 45 
23 52 46 
24 03 46 
24 19 46 
4 11 46 
2 20 46 
25 07 47 

SOUTH 
4 ll 58 
4 36 58 
34 48 57 
34 «(55 57 
35 27 57 
36 18 56 
36 53 56 
37 @B 57 
38 05 57 
38 34 58 
38 51 60 
89 00 61 
38 53 62 
38 56 62 
40 47 62 
41 04 62 
40 40 64 
40 46 64 
42 52 64 


16 


SISSSSq SS KSSSRSLER 


SISRae KSSSES 


10 


an 
o- 


SS &S5 


8B Sa828QsaSS 


U 


Paranagua Bay, Mel Island: 
Bixo Pt. Lighthouse. ...._.... 
ese das Conchas Light- 


eee cers eos sen enenawreoees 
eee re ewe mete tee ware emrmoeereee 
ee eee ee 

ee ee ee ee 


ge Pedro Is.: Lighthouse... ..._-- 


Arvoredo I.: L hthouse_.........- 
Anhatomirim ort Santa Cruz 
Lighthouse......-...........-.-- 
Florianopolis: Fort Santa Anna 
Lighthouse.....--......22---22-- 
Santa Catharina I. Naufragados 
Pt.: Lighthouse. -__.......--..... 
Batuba Pt.: Lighthouse... .- pee 


Araras Islet: Lighthouse........--. 
Bone see Lighthouse (break- 
Cape Santa Martha Grande: 
Lighthouse._.........-...-.....-. 
Tramandahy: Lighthouse. -._..._.. 
Cidreira: Li ehthouse ei mre noes ener 
Solidao: Lighthouse............-.. 
Mostardas: Lighthouse............ 
Conceicao: Lighthouse. ........... 
Rio Grande a6 Sul: Lighthouse. . 
Sarita: Lighthouse. .............-- 
Albardao: Lighthouse............. 
Chul River: 


Cape Polonio: Lighthouse_._...... 
Cape Santa Maria: Lighthouse.... 
ee Jose Ignacio Point: Light- 
OUSO 25. coe o ose hence ete cees 
Maldonado Bay: Punta del Este: 
Lighthouse_........-....-..--.-- 
Lobos I.: Lighthouse..........-..- 
Punta Negra: Lighthouse. .......-. 
Flores I.; Lighthouse. ...........- 
Punta Brava: L 
area El Cerro: Light- 
Panela Rock: Lighthouse... .....- 
Colonia: Lighthouse. .............. 
Farallon I.: Lighthouse... ....._..- 
Vacas River: 8. dyke Light- 
DOUSG > cvccswesccncwaceccouasoods 


COASTS OF SOUTH AMERICA 


Madryn: Lighthouse. _...........- 
Ninfas Point: L 

Blancas I.: Lighthouse... .-......-.- 
Leones I.: Lighthouse. ............ 
Raga Islet: Light house pees 
Ca Pes pat Sw tapas Seales 


Cabo San J ee cueeess 
pane Blanco: Lighthouse... ..... 


D a aL. Lighthouse........ 
Convento Beacon light........ 
Pt.: Li 

Arenas Point: L 
Le Maire Str.: Lighthouse. _...... 
Cape Ban Pio: Lighthouse. ..__... 
Les Eclaireurs Beacon light. _..... 
New Year Island: Lighthouse..... 
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Page 338] APPENDIX IV 
MARITIME POSITIONS 
EAST AND SOUTH COASTS OF SOUTH AMERICA—Continued 


Coast Place Lat. 8. |Long. W.||Coast Place Lat. 8. |Long. W 

°e eo ° e ° e ° o 

Cape Horn: South Summit (1391).| 55 58 67 17 Quartermaster I.: beacon... .....-- 57 70 21 
Magellan Btrait: Dungeness Light- erence (Punta Arenas) 

HOUS@s 22220 Jee ote ees 52 24 68 25 Lighthouse............-....-...2 10 70 54 
Cape Possession: Lighthouse. ..... 52 18 68 657 Tesner Islet: Lighthouse. __._....- 83 50 70 24 
Direction Hill: Lighthouse.......- 52 52 | 68 30 Cape 8an Isidro: Lighthouse... .-- 53 47 | 70 58 
Delgade Point: Lighthouse.._..... 562 2 68 32 English Reach: Rupert I.: Light- 

Satellite Point: Lighthouse.......| 52 33 69 40 HOUSG oss c docs ecesesescuts §&3 40 72 12 
Mendez Point: Lighthouse.......- 52 32 68 35 Crooked Reach: 
Cone Hill: Lighthouse..........-- 52 40 70 B Cohorn I.: Lighthouse.......-. 8&3 33 72 20 
Santa Magdalena I.: Lighthouse..| 52 55 70 34 Cape Morion: Lighthouse....| 53 34 72 «31 
WEST COAST OF SOUTH AMERICA 
Lon Caldera: Lighthouse_.........-..- 27 +03 70 52 
Serme Cooper Key: Light- Tetas Point: Lighthouse.......... 2B 3i 70 39 
HOUSG =. Se eccce tooo ec sed 83 15 73 «18 Punta Angamos: Lighthouse......| 23 02 70 32 
Sentinel I.: Lighthouse... ...- 53 05 73 «35 Iquique 1.: 
San Felix By Lighthouse........ 52 58 74 05 Lighthouse.......------.- eee 20 13 70 i 
Fairway I.: Lighthouse........... 62 44 73 47 Pattilliguaje Rocks: Light- 
Evangelistas Is.: Lighthouse.-.... 52 & 75 06 NOUSO 3. 05 so Sc se 12 70 10 
Port Henry: Observation spot....| 50 00 75 13 Alseran 1: Lighthouse...._......- 18 29 70 21 
San aaah Lighthouse. .......- 47 43 74 653 Arica: Iron church....-...--...... 18 29 70 20 
Cape Ra thouse._........ 46 49 75 37 Coles Point: Lighthouse. ......... 17 42 71 «22 
oy ban inca: alsa Isla Point ce gece — 
thouse.._...-.-------------- Port Mollendo: Lighthouse. ...-.- 17 Ol 72 02 
Guafo Island: Lighthouse-.-..-.--- 43 34 | 74 49 Atico Point: Lighthouse-._....-.- 16 14 | 73 42 
Chiloe I.: Point San Juan: Lighthouse. .--.- 15 21 75 V1 
Laitec I.: Lighthouse. .......- 43 17 | 73 35 Pisco: Lighthouse.....-..--------- 13 42 | 76 14 
Punta Corona: Lighthouse....| 41 47 73 33 Chincha I.: Lighthouse..........- 13 38 76 25 
Abul Point: Lighthouse... ..--. 41 50 73 6&2 Callao: 
Tres Cruces Point: Light- Palominos Rk. Lighthouse....| 12 08 77 14 
house. ...-.-.---------.----- 41 80 | 73 2 La Punta: Lighthouse. -......- 12 08 | 77 11 
Port Montt: Lighthouse (mole)..-| 41 29 72 57 Mazorca I.: Lighthouse........... 11 B "7 44 
Port Calbuco: er (mole) .....-.- 41 46 | 73 08 Supe: Tomas Point: Lighthouse..| 10 49 | 77 46 
Corvio Bank: Lighthouse........- 41 80 73 «13 Husrmey: Lagarto Head: Light- 
Galera Point: Lighthouse eeeubeeoe 40 00 73 45 I] & | house........................... 10 06 7 12 
Port Valdivia: Chinbote landing bridge light....| 9 05 | 78 35 
Niebla Pt.: Lighthouse. ...... 39 52 73 «26 Huanape I.: Lighthouse... -._..-.- 8 35 78 57 
Port Corral mole light...-..... 39 53 | 73 27 Salaverry: Mole light...-.-.------ 8 14 | 78 58 
Mocha L.: Pacasmayo: Mole light........_.. 7 79 33 
Torrecillas Hill: Lighthouse... 38 21 73 58 Eten: Mole light............--.-_. 6 56 79 5] 
= Anegadiza Point: Lighthouse.} 38 23 | 73 52 Lobos de Afuera I.: Lighthouse...| ° 6 56 | 80 43 
a Port oe Tucapel Point: Light- Lobos de Tierra I.: Lighthouse....| 6 28 | 80 52 

house. ._...--.------------------ 37 37 | 73 42 Paita: Cathedral_.........-.-...-- 05 | 81 07 
Lavaple Point: eee weeenee o7 He is 6 Parinas Point: Lighthouse... .-.-- 4 40 | 81 20 
anta Nlaria 1 OUSE..-..-- Talara Bay: Lighthouse.........- 
oe Bay: Morro Lutrin: Light- — y gathouse a8 ae 

parece Ouc eke Saul ate ats 37 05 73 ill . 
Coronel pada nipeuceanceccsuel (ere ener ee ena Cina te Lighthouse....| 3 11 | 80 25 

NOUSC. «w= enn e ono enon owen ne Jambeli: Lighthouse.......... 3 14 | 80 O1 
Se ee FONE en OMe acre ae Raa Arena Point: Lighthouse 8 02 | 80 07 
Tumbes Point: Lighthouse._.....| 36 37 73 07 Machala wireless station.......| 3 16 79 55 
Quiriquina 1: Lighthouse_....-..| 36 36 | 73 03 Puna wireless station... __.| 2 44 | 79 83 
Port Tualcahuano: Belen Bank a Cerro Santa Alia... 2 38 79 Bl 
agra sere agee teed: a6 AE ee 08 Isla Verde: Lighthouse.__.--_- 2 11 | 79 55 
gUETO. CE CGs: tat Bly OUSE 225s ases 36 44 73 01 Santa Elena Point: Lighthouse....| 2 11 | 81 00 
Cape Carranza: Lighthouse---.... 35 33 72 38 Manglaralto Point: Lighthouse 1 50 | 80 45 
Topocalima Point: -ighthouse. .. 34 09 72 Ol La Plata L: Lighthouse cat 16 81 06 
noe Se Antonio: Sentinel Hill 1 Cape San Lorenzo: Lighthouse..-- 1 0 80 55 

RINNOUSE 2-52 eases seen Fee 33 33 m1 39 Manta Bay: Lighthouse_.......-- 0 57 80 44 
Ban lne: Nat. Obs. (Quinta Nor- an Caraques Bay: Wireless station...| 0 35 | 80 23 
Curaumilla eee Pig nOU as 33 06 71 45 Cape Pasado: Lighthouse........-. 0 22 80 30 
Valparaiso: Playa Ancha: Light- 

ROUSO 2 255252 he ns ctw ae ceces 01 | 71 39 Lat. N. | Long. W 
Huevos I.: Lighthouse. _..-....2.- 31 55 7l 33 Galera Point: Lighthouse. ins a a fed eon eas 0 51 80 05 
Lengua de Vaca: Lighthouse. __-.. 30 14 | 71 39 Esmeraldas: Wireless station. __.- 0 59 | 7 42 
Coquimbo: Tortuga Pt.: Light- <= 

HOUSE. boon cet eescenctedeseus 29 «56 71 (22 8 
Pajaros Islets: Lighthouse__......- 20 35 71 33 § a Tumaco Road: Morro Chico-...-.. 1 49 78 45 

, | Mostacilla Pt.: Lighthouse.......- 29 27 71 20 || $= | Buenaventura: Railroad office...... 3 54 77 05 
Chanaral L.: Lighthouse Pina a ee 29 00 71 36 
Huasco: Mole light.....--..-...-. 23 2 71 14 

ISLANDS IN THE ATLANTIC OCEAN 
Lat. a Long. W. Lat. N. | Long. W 
e 8t. David Island: Lighthouse__-__- 32 64 39 3 Corvo I.: Lighthouse. ..........-- 39 40 31 07 
s Gibbs Hill: Lighthouse. ._....._-- 32 13 64 50 Flores I.: 

§ | North Rock: Lighthouse.......... 32 28 | 64 46 || & Lagens Point: Lighthouse....-- 39 22 | 31 11 

Ireland I. Casemate Barracks...... 32 19 64 50 < Fajem Grande: Lighthouse__.{ 39 26 31 16 

Hamilton I.: Fort....22..2-2.-22-.- 32 18 64 47 Albarnas Point: Lighthouse..| 39 31 31 15 


Coast 


Ma- 
detra 


Canary Islands 


c} 
i 


APPENDIX IV 


MARITIME POSITIONS 
ISLANDS IN THE ATLANTIC OCEAN—Oontinued 


Place 
@ 0 
Fayal I.: 
Capellinhos Point: Lighthouse! 38 36 
Horta: Santa Cruz Castle_-_._. 38 32 
Ribeirnha Point: Lighthouse.-| 38 36 
Pico I. Areia Larga Point: Light- 

NOUSC. cc osha eccadaesax 38 32 
pan Jorge! Island: Lighthouse... -.- 38 40 
Graciosa I 

Fort do Santo: Lighthouse....| 89 05 
ochele Point: Lighthouse....| 39 08 
Serreta Point: Lighthouse. ..-- 38 46 
St. Matheo Port: Lighthouse..| 38 39 
San Antonio Point: Light- 

NOUS6 wok ccccsctscectece ceed 38 38 

San Migu earl 
Ferearia Point: Lighthouse....| 87 651 
Mosteiros: Lighthouse. ._..... 37 «(83 
Ponta Delgada: Lighthouse...| 37 44 
Villa Franca: Lighthouse...... 37 «43 
Arnel Point: Lighthouse. .-..-- 87 49 
Santa Maria Island: Lighthouse...| 36 56 
Pargo Point: Lighthouse. ........- 32 48 
Funchal: Fort Jheu: Lighthouse...| 32 38 
Fora I.: Lighthouse..-............ 32 43 
Cima Islet: Lighthouse. .......... 33 03 
Palma I.: 
Cumplida Point: Lighthouse.| 28 80 
Fuencaliente Point: Light- 

NOUSC sho cece oe cick sd 2 2 
Hierro: Lighthouse._.........-... 27 46 
Gomera I. San Cristoval Point: 

Lighthouse...........-......-..- 28 06 
Teneriffe: 

Teno Point: Lighthouse. ...... 2 21 
Anaga: Lighthouse...........- 2 35 
Rasca Point: Lighthouse.....- 23 00 
Abona Point: Lighthouse--.-. 28 00 
Santa Cruz: Lighthouse....... 28 28 
Gran Canaria I.: 

Sardinia Point: Lighthouse...{ 28 10 
Isleta Point: Lighthouse--....- 2 il 
La Luz E. mole: Lighthouse._| 28 09 
Aringa Point: Lighthouse.....| 27 652 
Morro Colchas Point: Light- 

HOUSE sais ec asess Seca woless 27 44 
Fuerteventura I[.: 

Jandia Point: Lighthouse. -..-. 23 08 

Port Cabras: Lighthouse---.-- 28 20 

Baliena Point: Lighthouse....| 28 42 
Lobos I. Martino Point: Light- 

HOUSC@ ss eee eave eeeuceedeeeesess 2 46 
St. Antonio I.: 

Bull Point: hthouse......- 17 07 

Ponta do Sol: Lighthouse-..-- 17 12 
St. Vincent I.: 

Ponta Machado: Lighthouse..| 16 50 

Passero (Bird) I.: Lighthouse.| 16 655 

Porto Grande Light.....-..... 16 83 


BRR 


South Athntic Islands 


Antarctic Regions 


Place 


8t. Nicolau (St. Nicholas) I 
Ponta do Bt pitee Lighthouse: 


North Point: Lighthouse... ..- 
South Point: Lighthouse-.-..-. 
Boavista I. Sal Rei Island: Light- 


8t. Thiago I.: 
Temerosa Point: L 
Port Praia Front: L 

St. Thiago I.: 

Ponta Lobo: Lighthouse. ..... 
Preta Point: Lighthouse--..-.. 
Fogo I.: San Philipe: Lighthouse. 

Brava I.: Ponta Jalunga: Light- 


hthouse. - 
hthouse- 


St. Pau] Rocks: Lighthouse....... 


Rocas Reef: Lighthouse.._-......- 
Fernando Noronha IL.: : 
Lighthouse..............--.--.-- 
Ascension I.: 
Fort Thornton................ 
Georgetown: Lighthouse.-..-... 
St. Helena: Jamestown Light. ._-- 
Martin Vaz Rocks: Largest Islet-_. 
Trinidad I.: Peak.............-.-- 
PN ber da Cunha, NW. point.... 
mena I. Penguin Islet. ......-... 
nd Islands: 
Port William: Lighthouse_--... 
Port Stanley: Town Hall..-.. 
South Georgia L.: 
Cape Crew: Lighthouse paaees 
Cape Saunders: Lighthouse. . 
Grass I.: Lighthouse.......... 
Jason Islet: ighthouse....... 
a Edward Point: Light- 
rae Point: Lighthouse. -.... 
Shag Rocks, center.. ...-.-.-.---- 
8. Sandwich Is.: Thule I., Hew!i- 
son em ROE TRACER AI OT NE 


Ov cesses 2 esses ee 


‘ho ouse 
Palmer Land: Melchior Harbor, 
Gallows Pt. lighthouse._....._.. 
Peter First I.: Christensen Peak. . 


Bouvet Lo nss cewscescewisecdees ccs 


eS 


-e 


Go & B SSS FB Qs 


CasSsaseR & 


Great Britain 


ATLANTIO COAST OF EUROPE 


Lat. N. | Long. E. 


Greenwich: Observatory (Mer 
circle) 


ee ee eee 


Cambridge: Obs_......-...-.--..- 62 13 
Sheerness: Garrison Pt. Light. 

NOUS8G oo so ces cessed ceceeece §1 27 
North 1 Foreland Lighthouse....-_-- 51 22 
South Foreland Lighthouse... -...- 51 08 
Dover: Warden Hotel flagstaff....| 51 07 
Dungeness: High Lighthouse. .--. 50 55 
Hastings: West Hill Lighthouse...} 50 651 
Beachy Head: Lighthouse. -....... 5 44 

Lat. N 
Brighton: W. pier light.........-- 50 49 
Nab Tower: Lighthouse. _.......- 50 40 
South Sea Castle Lighthouse... --.. 50 47 
Oxford: Univ. Obs._..........-- .-| 51 46 


oo 


mmwoOons oOo eS oO 


Great Britain 


Portsmouth: Victoria Pier N. 


Southampton: Town pier light...- 
Isle of Wight: 
St. Catherine Lighthouse- .-.. 
¥eypt Pt. Lighthouse_-....... 
les Rock Lighthouse. .-.-. 
Hurst: Lighthouse (rear).........- 
Anvil Point: Lighthouse._.......- 
Portland: N. E. breakwater light. 
Portland Peninsula: Lighthouse. . 
Berry Head: Lighthouse.......... 
Start Point: Lighthouse-_......_.. 
Plymouth: Breakwater Light- 
HOUSO ccesenwucececascseddcceucs 
Eddystone: Lighthouse. ........-- 
Fowey: St. Catherine Lighthouse. 


50 
O 


4 
5 
5 


Seeaassak F5 


S=8 


wm Be 9 9 DBD Pes pe pet pe pt 
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Coast 


Great Britain 


Place 


i en PO Se Ri eA 50 
Lizard Head: rasa (B...-<- 49 
Wolf Rock: hthouse_-_....-.---- 49 
Lands End: ngships Light- 

DOE « 3 - ccnncuekahiitbumnnditee 50 
Scilly Isles: 

Penninis: Lighthouse. -_--..---- 49 
Round I. Lighthouse- ---.----- 49 
teenie ock Lighthouse. ---- 49 
Pendeen: Lighthouse ---.._...----- 50 
Godrevy I. Lighthouse------.----- 50 
St. Agnes: Beacon. ........--..--- 50 
Trevose Head: Lighthouse-------- 50 
Hartlant Point: Lighthouse-_------ 51 
be aha Braunton Sands: Light- se 
Bull Point: Lighthouse---.....-.-.-- 51 
Lundy L.: 
South Lighthouse.-_.......-.-.- 51 
North Lighthouse------------- 51 
a erg ntern Hill Light- " 
L mouth: Foreland Pt. Light- i 
Flatholin: Lighthouse............. 51 
Blacknore: Lighthouse_-.-_-------.-- 51 
Bristol: Cathedral. ..........----- 51 
Newport: West Usk Lighthouse.-| 51 
Cardiff: Bute W. dock lights____-- 61 
Monkstone Rock Lighthouse--_---- 61 
Nash Point: Low light......------ 51 
Porthcaw!: Breakwater light-----_- 51 
Swansea: W. pier light........---- 51 
Mumbles: Lighthouse. --.----.---- 51 
B Holme: Lighthouse- .-_-_----- 51 
Caldy Island: Lighthouse--------- 61 
Milford Haven: 
pg Castle Head Light- “i 
St. Anns: Lighthouse. --_----- 51 
Skokham I.: Lighthouse-_-----.----- 51 
Smalls Rocks: Lighthouse- ------- 51 
South Bishop Rock Lighthouse_._| 651 
Strumble Head: ge ae 52 
Aberystwith: Pier light__.-.__---- 52 
St. Tudwall: Lighthouse_....-_.-- 52 
Bardsey I.: Lighthouse. __-.._---- 52 
Carnarvon: south pier light_..._...| 53 
South Stack: Lighthouse_.........| 53 
Holyhead: Old pier light_......--- 53 
Skerries: Lighthouse_-........-.--- 53 
Point Lynus: Lighthouse. -------- 53 
Great Ormes Head: Lighthouse.._| 53 
Air Point: Old unused lighthouse_| 63 
Liverpool: Black Rock Lighthouse.| 53 
Fleetwood: High light.......------ 53 
Walney I.: Lighthouse---_-------- 54 
Isle of Man: 
Chicken Rock: Lighthouse...-| 54 
Fe Point: Lighthouse ------- 54 
i Hg Head: Lighthouse__| 54 
Douglas Head: Lighthouse._..| 54 
Lang Ness: Lighthouse_.- 54 
St. Bees ritead Lighthouse- --_----- 54 
Whitehaven: W. pier light_-_-_.---- 64 
Little Ross I.: Lighthouse_-_---_---- 54 
Mull of ane Ble Lighthouse___.| 654 
a na Black Head: Light- - 
Corsewall Point: Lighthouse____--- 55 
Ailsa Craig: Lighthouse---------.-.- 55 
Turnberry Point: Lighthouse__---- 55 
Ayr Harbor: Inner light__...----.- 55 
Troon: Light on pier (W.) -.------- 55 
Pladda I.: Lighthouse._.........-- 55 
Holy I.: 8. Lighthouse. .........-- 55 
Cumbrae I. Lighthouse. --__.------ 55 
Cloch Pt. Lighthouse__..__..---_-- 55 
Glasgow: Observatory-_..--.------- 55 
Davarr I. Lighthouse. -_-_.....----- 55 
Sanda I.: Ship Rock: Lighthouse___| 55 
Mull of Cantyre: Lighthouse-_-- --_- 55 
Rhinns of Islay: Oversay I.: Light- 
BOUND. Siu scandcdacasunciiunawesls 55 
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Lat. N. | Long. W.||Coast 


Great Britain 


Place 


Sgeirvuile Rock: Lighthouse. - . --- 55 
as I.: Musdile Islet, light- ‘ 
ONGE a: nandoeeeccGoack<nestanane 
Dubh Artach: Lighthouse.........| 56 
Skerryvore: Lighthouse----_--___-- 56 
rng emai ye Lighthouse- - ----- 56 
Oigh Sgeir: Lighthouse_-_--..___---- 56 
Barra Head: Lighthouse sence ante 56 
Monach Shillay I.: Lighthouse_...| 57 
Ushinish: Lighthouse. _....._.___- 57 
Neist Point: aga ssid aciaitpieels 57 
Trodday: Light ie eakeaaeas 57 
Scalpay I.: Li felonies \ abemaginen 57 
South Rona: Lighthouse- - ----_---- 57 
Rudh Re: Lighthouse_----_.-_---- 57 
Ru Stoer: Lighthouse. ..-.__-...-- 58 
Tiumpan Head: Lighthouse__.....| 58 
Butt of Lewis: Lighthouse ------- 58 
Loch Carloway: Lighthouse_-_----- 58 
Flannan I.: Lighthouse_-_.....---- 58 

Wrath: Lighthouse__.___-_-.-- 58 
Sule Skerry: Le oo eee 59 
Dunnet Head: Lighthouse_-----_-. 58 
Stroma I.: Lighthouse____.._____-- 58 
Duncansby ead: Lighthouse_-__-- 58 
Pentland Skerries: Lighthouse__...| 58 
Cantick Head: Lighthouse. .-_.___- 58 
niga Sardside Point Light- . 
_MLpce hE Sin naneDaeneee eas 5 
Sonne: Pier lent. ...o.cncienccecncs 58 
Copinsa a) 6 Lighthouse............. 58 
Kirkw de! BOT oo cegsevecessxe 58 
Auskerry I.: Lighthouse____._._.-_- 59 
Start Point Lighthouse_...._..___- 59 
North Ronaldsay: Dennis Ness: 

TAR RUNOGOE 5 cn uierndencsveanci 59 
Noup Head: Lighthouse_-___.._._- 59 
Scaddon: CHONG. < cio cecnaccs 59 
BRPOOs TP NCONNO. «occ seense snk 59 
Sumburg ead: Lighthouse_-___-_. 59 
Bressay: Lighthouse. ......_____-- 60 
Balta I.: Lighthouse... _-...._._-- 60 
Out Skerries: L i 60 
North Unst: Lighthouse_________- 60 
Noss Head: Lighthouse____..___-- 58 
Clyth Ness: 3 NCHOWHOL. .5.5—525 58 
Tarbet Ness: Lighthouse_________- 57 


oe Chanonry Point light- 


pect hi Lighthouse_-_______._- 
Covesea Skerries: Lighthouse- ____ 
Kinnaird Head: Lighthouse---____- 
Rattray Head: Lighthouse 
Buchanness: Lighthouse. -_-_._____- 
Aberdeen: Girdleness Lighthouse - 
Tod Head: Lighthouse____________ 
Montrose: eg a hop Lighthouse 
Buddonness: Lighthouse (rear) ___- 
Dundee: Middle 
Bell Rock: L 
May Island: Lighthouse_________- 
Rosyth: Coal jetty light_...._..___- 
Inchkeith: Lighthouse 
Leith: Martello tower 


aitatuaS ainnedal'ssibaacnae oe 55 
Fidra I.: Lighthouse. -__..._._..__- 56 
Bass Rock: li 56 
Barns Ness: Lighthouse__._______- 55 
St. Abbs Head: Lighthouse_____.- 55 
Eyemouth: W. pier light________-- 55 
og ge eh ol! || 55 
FarnI.: Longstone: Lighthouse____| 55 
Coquet I.: Lighthouse____._______- 55 
Bigthy tight Ment, 5 os ececs beet. 55 
St. Mary I.: Lighthouse__________- 55 
North Shields: Rear light________- 55 
Tyne River: North pier light_._..__] 55 
Souter Point: Lighthouse________- 54 
Sunderland: North pier light___--- 54 
Hartlepool: Heugh Lighthouse_...| 54 
River Tees: 8. Gare breakwater 

WG adc cata ckdeatsewdccw emo se 54 
Whitby: West pier lighthouse______ 54 
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MARITIME POSITIONS 
ATLANTIC COAST OF EUROPE—Oontinued 


Coast Place Lat. N. |Long. W.|}Coas Place Lat. N. |Long. W 
° s e s ° 4 ° e 
Scarborough: Vincent bist light... .| 54 17 0 @ Kinsale: Old Head Lighthouse....| 51 37 8 32 
Pamborougs Head: Lighthouse...| 54 07 0 05 Galley Head: Lighthouse. .......-. 82 8 57 
Humber iver: holme Baltimore Harbor: Barrack Point 
Lighthouse (rear) ........-.----- 53 39 0 18 Night: .os22eu- a dsnsceecewecacencs 28 9 24 
Guernsey Island: 
Lat. N. | Long. E. Hanois Rock Lighthouse... .-. 49 26 2 42 
Withernsea: Lighthouse....._....- 63 44 0 02 Platte Fougere: Lighthouse...| 49 31 2 20 
raieto Point Lighthouse. ._....-.. 53 35 0 07 St. Peter: Belvedere light. -_... 49 27 2 32 
romer: Lighthouse............--- 52 5&5 1 19 = = Island: Robert Point Light- 
Haisborough: Lighthouse... -.-.-.--- 52 49 1 32 OUSO.- 6 ence ucei Jet eesbeswece ee 26 2 2i 
ba ieee Gorleston 8. pier light- L Gane Lighthouse. .........-.- 43 2 2 
ict Gucuuee vase et eetencee 62 84 1 4 Alderney Island: Quenard Point 
Lovutoit ii h Light........-...- 52 2 1 4 ap Ae cs dweumcbunaesesesewes 44 2 10 
Southwold: Town pier light....... 52 20 1 42 money ee 
Orfordness: Lighthouse............] 52 05 1 35 orbiere ORocks Lighthouse...| 49 11 2 15 
Harwich: Landguard Point: Verclut breakwater light...... 49 13 2 Ol 
Lighthouse.................-.--- 51 5&6 1 19 
‘ = Lat. N. | Long. E. 
Lat. N. |Long. W. Cape Kanin: Beacon..........--.- 63 39 43 18 
Fastnet Rock: Lighthouse......-.- 61 2B 9 36 Mezen: Chureb.................-- 65 6&0 44 16 
Bantry Bay: Roancarrig I. light...; 51 39 9 45 Cape Voronov: Lighthouse. ...... 66 31°] 42 18 
Bul! Rock: Lig hthouse_.....-...-- 51 35 10 18 Sosnovetz I.: 8. Light........-..-- 66 29 40 42 
Skelligs Rock: Lighthouse ee ee 61 4 10 3832 Intzi: Lighthouse................- 65 58 40 43 
wakes Cromwell Point Light- § Veprevskoi Pt.: Lighthouse... -.-.. 65 37 39 652 
Eats Sia Ch oetel ais as re ia 81 56 10 19 Modvugski: Lighthouse. ....----- 64 55 40 17 
Taishteas ht: Lighthouse.......-- 623 065 10 40 g | Arkhangel: 
Little Samphire: Light- Zaostrovkis I. Lighthouse. - - -. 64 31 40 33 
igi corr aera ncaa ccn senna 62 16 &3 E Trinity Church._.....-......- 64 32 40 31 
Shannon River: Chesmenskoi: Lighthouse......... 64 43 36 3 
Kilcradan Head, uientnoute: | 82 35 9 43 Py Kem: Rombaki I. Lighthouse..... 65 02 35 02 
Tarbert Li hthouse. .......-. 62 35 9 22 Sharapov Head: Lighthouse. ..... 66 14 34 04 
Limerick Cathedral ......--.-- 52 40 8 27 ow | Kandalaski: Monastery........... 67 08 32 
Loop Head: Liguchouse......-| 52 9 56 a Cape Orlov: Lighthouse. .-_......- 67 12 41 19 
Galway Bay: . Cape Gorodetzki: Lighthouse---.. 67 41 4.1 02 
Mutton I. Lighthouse... ....- 83 15 9 03 t> | Sviatoi Nos: Lighthouse.........- 68 09 39 49 
Inisheer I. Lighthouse... -.-.-- 63 03 9 31 Litzki Point: L hthouse cemmaeake 68 38 37 50 
Eeragh I. Lighthouse. -..--..-- 6&3 09 9 51 Sem I. Kharlov I.: Lighthouse....| 68 49 22 
Slyne Head: Liguthouse-........- 63 24 10 14 Podpakhta: Lighth OUS®......----- 69 11 35 52 
lare I.: Lighthouse......-.-.---- 63 49 9 59 Cape Teriberski: ah ato isa 69 15 35 10 
4 Black Rock: Pipnthoure ieee ee ere 54 (04 10 19 Kola Inlet: Salni I. Lighthouse 69 08 33 28 
Eagle Island: Lighthouse. ...-_.... & 17 10 06 
k Brosdhaven: Guba Cashel Point: Bokfjord: Lighthouse. ........-.-- 52 | 30 13 
a Pe cig Eieesetecdeusetecuaod 54 9 583 yuEe ones: Oterneset: Lighthouse..| 69 68 29 40 
mily Black ck Rock Lighthouse... --- 54 18 8 37 : Mole light................- 04 29 43 
g |x tea 8t. John Point; Light- Vanier Hornoen Lighthouse. .. ..-. 70 2 31 10 
Oates ee eee aaah 54 4 8 28 Kjolnes: Lighthouse..............] 70 51 29 15 
Rathiin O’Birne: Lighthouse- . - -- 54 40 8 50 Sletness: Lighthouse. ............. 71 05 28 13 
Aran I.: Lighthouse..............- 65 01 8 & Helnes: Magero: Lighthouse... ... 71 04 26 10 
Tory I.: Lighthouse.......-----.-- 65 16 8 15 Fruholmen: Lighthouse........... 06 23 50 
Fanad Head: Lighthouse. ...---.-- 65 17 7 38 sag or alasie uglenes: Light- 
Malin Head: Tower.....--------- 65 23 7 28 2 BOUS6. 2c o25. 2. ca ccecdewsccecae 70 40 23 40 
Inishtrahull: Lighthouse........-- 55 26 7 #14 Hasvik: Lighthouse............... 70 28 22 10 
ren: Dunagree Point: E. Sorvaer Ovre: Lighthouse........- 70 38 21 59 
MigNb 0c cease wnssevorscase = ~----| 55 14 6 &6 Fugloy Kalven: Lighthouse..._... 70 19 20 11 
Londonderry: Cathedral.....-...- 55 00 7 #19 Torsvag: Lighthouse.............-. 70 15 19 30 
Rathlin I.: Lille Lyngoy: Lighthouse......... 69 55 18 28 
W. Lighthouse..............-.. 55 18 6 17 Hekkingen: Lighthouse........_.. 69 36e/ 17 6&0 
E. Lighthouse...-...........-- 55 18 6 10 Andenes: capaneue dccbusseseas 69 19 16 07 
Rue Point Lighthouse........- 65 15 6 ll Langenes: Lighthouse...........-. 69 02 15 08 
Maidens Rock: Lighthouse........] 54 56 5 4 Litloy: Lighthouse..............-. 68 36 14 19 
Black Head ouse._.......- BA 46 6 41 Drogneset: Lighthouse......._.... 68 35 14 41 
Belfast: No. 1, E. side light. __.-.- 54 40 5 49 F Lofoten I.: 
Mew I.: Lighthouse......-.------ 54 42 5 31 Vaerdy: Lighthouse..........- 67 39 12 44 
Donaghadee: Pier light.........-- 54 39 5 32 ty Glapen: Lighthouse._........- 67 53 13 03 
Ardglass: Pier light.....--.....-.- 16 & 37 z Mohbolmen: Lighthouse. ...... 68 09 | 14 25 
Dundrum Bay: St. Johns Point Skraven: Saltvaerholmen Light- 
Lighthouse..._.........--.----.- 54 14 5 39 HOUSOs o2 cose os rat Baccus 68 09 14 39 
Carlingford Lough: Haul-bowline Maloy-Skarholmen: Lighthouse..| 67 46 14 25 
Rock: Lighthouse._............- 5 Ol 6 05 Landegode: Lighthouse. ........_- 67 27 14 23 
Drogheda: Sand Hills Lighthouse.| 53 43 6 15 Grytoy: Lighthouse. ............_. 67 23 13: 51 
Rockabill: Lighthouse. ..........- 83 36 6 00 Tenholmen: Lighthouse....._..__- 67 18 13 30 
Dublin: Kalsholmen: Lighthouse........_. 66 55 13 06 
Poolbeg eee beeGeuneeae 63 21 6 09 Myken: eiahtbouse Be Meee Be sists 66 46 12 29 
Observatory._.......-.--...-.- 63 23 6 20 Traenen: Lighthouse......_.._.... 66 26 li 688 
Wicklow Head. Lighthouse.._.... 62 58 6 00 Ytterholmen: Lighthouse. ...._._. 66 O01 11 42 
Arklow: Church............-..... 52 48 6 09 Brynjulfskjaer: Lighthouse. ...... 65 39 11 35 
Wexford: College... _...........-. 52 20 6 28 Steinan: Gjeteroen Lighthouse..../ 65 36 11 18 
Tasker Rock: Lighthouse.........| 52 10 6 12 Sklinna: Lighthouse. ............- 65 12 11 00 
Waterford: Nordoerne: Lighthouse. ........-. 64 48 10 383 
Fook Point Lighthouse. -----.- 52 07 6 56 cp inelineene: ighthouse. _._....-. 64 44 10 52 
thedral_..........----2.22-- 62 16 7 06 Ellingrasa: Lighthouse........._.. 64 34 10 49 
Mine Head: Lighthouse....._....- 52 00 7 35 Kya: Lighthouse...._............- 64 28 10 13 
Y : Lighthouse. ...........- 61 57 7 381 Buholmrasa: Lighthouse.......... 64 24 10 28 
Ballycottin: ighthouse_...._..-- 51 49 7 69 Halten: Lighthouse............... 64 10 9 25 
Cork (Queenstown): Roche Point Storskjaer: Ligntaiiss pete 64 08 9 51 
Nights seeseoseenotsese etic 51 48 8 15 Finnvaer: Lighthouse...-......... 64 04 9 07 


' §41524° 


Coast 


Norway 


Sweden 


Place 


Asenvagoen: Lighthouse_-......-.-- 
Tarven: Lighthouse...........-..-- 
Sulen: Lighthouse. .............-- 
fat eg LAGRTDOUNE. co s2csecs- 


Trandhjem. 

gs ee 

6 ee Ree 
Grip: Lighthouse siecl sini ileaaen phSaiaakel 
Kristiansund: Nordholmen Light- 
BOND, baiecs dh dtcinuccmnnccatdanaid 
Hests a ONIN, 5 ctiic sand 
Kvitholmen Lighthouse--.--------- 


Eee ae 
Storholmen: Lighthouse... ------ 


Svino: Lig COUN cc ccuneouaamee 
Krakenes: Lighthouse----.-.------ 
Hendanes: Lighthouse----..-.----- 
Kvanhovden: Lighthouse--------- 
Ytteroerne: Lighthouse__...-....-- 
Gjeita: Lighthouse__............-- 
Utvaer: L 


Holme TROUSERS ciinck decane 
Helliso Vettes ee ann ae 


Slottero: L 
Ryvarden: Lighthouse...._--._-- 
Rovaersholmen: Lighthouse- ----- 
Utsire: Lighthouse...............- 
Skudenes: Lighthouse... ---..--- 
Hvidingso: Lighthouse_-_-_.-_...--- 
Stavanger: Fjeldoen: Lighthouse-- 
rat sacar Lighthouse. ...<<<s.<.. 


tfc Prana aoa ignites cies 
Aensire: Lighthouse_-.-.........--- 
Varnes: Li 
Lister: Lig 
peseliee Lighthouse... .....-- 
Lindesnes: Naze: Lighthouse----- 
Ryvingen: Lighthouse----...._--- 
Songvaar: Lighthouse___.......--- 
een Odderoen _Light- 

OG so ansacsuacondeamaeeuesc 


Tor n: fanae Cs IE ee 
Yttre Siok salamiet: ST esikedan 
Fe LAS NOGGE s cccicadcecads 
Jo and: Lighthouse...._...-- 
Tvesten: Lighthouse_..........._. 
Svenoer: Lighthouse__........_._- 
Guldholmen: Lighthouse... -..._-- 
Kristiania: University Obs. (mer. 


Rai encats Cabeneiiaeiweta ian 
Stromt n: Lighthouse_.-.....-. 
Struten: Lighthouse. __..........- 


Fredrikstad: Forstads, Church 
Toe onan I nskj aer: Lighthouse....___ 
Faerder: Lighthouse..-..........-- 


Tjurholm: L rine ee ee 
Ursholm: Lighthouse. _-........._- 
Ramskar Rock: Lighthouse beara 
Vaderobod: Lighthouse-_----....--.- 
Hallo: oe pra eae whee Maden 
Maseskar: Lighthouse-.----_._.... 
Hamnskar (Pater Noster) Light- 


ee eee ee 


Yttre 
Nidingen, Western: Stans 
fittest ee Light- 
Morure ; Tange: Lighthouse... 
Stenakhe: Lighthouss. ....<.....- 


Lat. N. | Long. E.|/Coast 
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Sweden 


Place 
° 
Falkenberg: 
Mellan Rev. Light_.....-.-.-.. 56 
CNG. ca ciniinct tesmaiidancied 56 
TT eEOs SOUND. oc iccccdcccendeains 56 
reaiwater i; es a 56 
PON, wih cn ccccinaamdanaawirs 56 
Hallands \ Vadero thouse_.--- 56 
Torekov: V ar: Lighthouse..| 56 
Engelholm: Church...-.........-- 56 
Kullen: Lighthouse-_-.........-..- 56 
H ee a 56 
Helsingborg: N. mole Lighthouse.| 56 
Haken: Lighthouse--.-...........-- 55 
VO: SNE 8 a6 Gascdewaueces 55 
a eee Grasrannan Light- 
ES ee Pe aE 55 
Barseback: Lighthouse.__.........| 55 
Lund: Royal Univ. Obs. (center) _| 55 
Malmo: Pier Lighthouse. ....___.- 55 
Kl Sf 7g: re 55 
Falsterbo: Lighthouse a ee ce 55 
Trelleborg: E. Lark Lighthouse_...| 55 
tl ehu : Lighthouse. -........-- 55 
: Lighthouse 0 | ee 55 
ie thanteame Lighthouse-_---- 55 
Simrishamn: Lighthouse__.....__- 55 
Stenshuvud: Lighthouse_________- 55 
Ahus: N. jetty front light.____.___- 55 
Solvesborg: Timan: hthouse...| 56 
Hanol. ct ere? ae 
Tarno: [éghthouss....;..........-. 56 
Karlshamn: Ortholm Lighthouse_.| 56 
Karlskrona: Laboratoriholm light.| 56 
hese § Rock: Lighthouse-_-.--- 55 
Olan 
8. point Lighthouse_.--_--.---- 56 
coger re Lighthouse_...-| 56 
N. point Dthouss. on <c5.4. 57 
Melmers CHOI a. cccecacnnscucea 56 
Gotland I.: 
Hoborg: Lighthouse. . ...----- 56 
Ostergarns: Lighthouse_ -__---- 57 
Faro: Lighthouse-___........-- 57 
Hallshuk: Lighthouse___....._| 57 
Stenkyrkehuk: hthouse....| 57 
Stora Karlso: Lighthouse___-. 57 
Haradskar: Lighthouse_.....___.. 58 
Atkoe Lishthouse.. osccscccc...s- 58 
Oo Ce stan. et 4)| ne 58 
Grand Kubben: Lighthouse__.__- 58 
Landsort: BAOUDR csusmckesss 58 
Huvudskar: Lighthouse_..._.___- 58 
Gronskar: Lighthouse_____.___.__- 59 
Sandhamn: Lighthouse_-.......-- 59 
Stockholm: Obs. (mer. circle)____- 59 
Svenska Hogarne: Lighthouse_.__| 59 
Soderarm: Lighthouse_-.._...._._- 59 
Upsala Univ. Obs. (Transit Ins.)__| 59 
Lt ge Ls: Se ie 59 
Svartklubben: aad cpewboels 60 
Osthammar: Church............_. 60 
Understen: Lighthouse aitita tennant 60 
Oregrund: Clock Tower--....._.-- 60 
Orexar: Lighthouse. ......<<.6acce 60 
Forsmark: Church................ 60 
Biren? LISnthouee. «2 oc sedcsscena 60 
Gavle: Gefle: Church..........__- 60 
Eggegrund: Lighthouse_.__.._.__- 60 
Hamrange: Church........._.___- 60 
Storjungfrun: Lighthouse. _.______ 61 
Soderhamm: Courthouse_....____- 61 
Pome CUA nas ce slnccutiness 61 
BOO BARTON E incik Gutta nnite 61 
Hudiksvall: Courthouse. ________- 61 
Chemin: TAG ogc oc ccs 62 
CROSS WOUOIO wcciaccccucscacess 62 
Bremo: Lighthouse. -..........--- 62 
Sundsvall: Church.............--.- 62 
Astholmsudde: Lighthouse. _-_.--_- 62 
Harno: Lighthouse...............- 62 
Harnosand: Harbor light....__.._- 62 
Lungo: Lighthouse. -__..........-- 62 
Hog Bonden: Lighthouse--_-_...__- 62 
BEAG: LARNtHOWOE, oo cuecvescccusce 63 
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Coast 


Cn ed ee ee 


Sweden 


Finland 


U. 8. 8 B, 
Baltic Sea 


Esthonia 


Place 


Ornskoldsvik: Pier light.......... 
Bonden Rock: Lighthbouse-__._.-- 
eis ror pn Seb house Sate Se 


Umea: d: Lighthouse... 
Stora Flederegy: 1 Lighthouse ane e 
North Rata ee aes eer 
Vannskar Yttre: Lighthouse. .-... 


Bjurokluub: Lighthouse. -_._.....- 
Ronnskar: Li 1 ie ay 
Pitea: Range 

Rodkallen: Lighthouse pete 
Maloren I.: Lighthouse. .......... 


Ajos Holm: Lighthoase._77_777_~ 
os Ho ouse........--- 
Uleaborg 
Church: Lighthouse... .......- 
Karlo I.: Light........-...-.-- 
Ulko Kalla: L 
Hallgrund: Lighthouse......_....- 
Valsorarne: Lighthouse-_-........-. 
Norrskar: Lighthouse......._....- 
Strommingsbadan: Lighthouse. - - 
Salgrund: Lighthouse. ..........-. 
Yttergrund: Lightbouse-_-_...._..- 
Sapp! (Sebbskar): Lighthouse. -.. 
Nurmis I.: Lighthouse._._.....-_- 
Enskar: Isokari Lighthouse- _._... 
eee Skalskar, Sodra: Light- 
Market Rock: L 
Gisslan: Islet Li 
Stora Lokskar: Lighthouse...._... 
NDAD: Lilla Batakar: Light- 
(0) 


Ko rm: Lighthouse. .......... 
Uto: Lighth 
Selsye I.: Lighthouse. .......__.-- 
Bengtskar: Lighthouse...........- 
Hango Russaro: Lighthouse.._._-. 
Jussaro old lighthouse._.........-- 
Kalbadagrund: Lighthouse. -...... 
Kyto Karingen: Lighthouse....... 
Helsingfors: 
Grohara: Lighthouse......_... 
Imperial Univ. Obs.._._..._-- 
ee eae g eral : Lighthouse. 
Orrengrun: ouse_ 22.2... - 
North Hogland: Lighthouse--—_.-. 
South Hogiand: Lighthouse... ...- 
Frederikshamn: Manniklub: 
Lighthouse.........-.-.-..-....- 


Pukionsari: Li seal 


house 

Rodsher Islet: Lighthouse. _...._-. 
Great (East) Tyters: Lighthouse. . 
Sommars I.: Lighthouse. -......-. 
Nerva Islet: Lighthouse......_..-- 
Seskar: Lighthouse- _...........-.. 


Leningrad: Univ. Obs..._.....--- 
Pulkovo Central Obs. (center obs.) 
Peterhof: N. pier Lighthouse...... 
ai pier light. .........- 
Kronstadt 

Kronslot Is.: Lighthouse... .. 

Cathedral._..................- 
Tolboukin: et eh 
gg 


(Shepler): Light- 


Narva: Lighthouse...............- 
North Hoft: 
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Lat. N. | Long. E.||Coast 


o oO U8 
63 17 | 18 43 
63 26 | 20 03 
63 36 | 20 45 
63 40 | 20 2 
63 48 | 21 00 
63 59 | 20 54 
e409 | 21 08 || @ 
64 18 | 21 23 } 
64 20 | 21 35 a 
65 02 | 21 34 3 
65 19 | 21 20 
65 19 | 22 22 
65 32 | 23 34 
65 50 | 2% 33 
65 40 | 24 10 
65 01 | & 2 
65 02 | 24 34 
64 2 | 23 27 
63 30 | 22 25 
63 25 | 21 04 
63 14 | 20 36 
62 89 | 20 45 
62 2 | 21 12 
61 59 | 21 18 : 
61 29 | 21 21 


o 
— 
= 
ew 
 ) 
—' 
28 
La 


52 50 | 19 55 || —— 
69 30 | 20 21 : 
69 46 | 21 O1 df). 
69 47 | 21 2 || 5 
60 04 | 21 45 a 
69 43 | 22 30 || —— 
59 46 | 22 87 
59 49 | 2 34 ms 
59 62 | 24 18 
60 04 | 2 4 
60 06 | 24 389 
60 10 | 24 57 
60 07 | 25 25 ||—— 
60 16 | 26 26 
60 06 | 28 87 .-) 
60 01 | 27 00 i 
60 15 | 27 00 
60 16 | 27 14 
60 26 | 27 48 ||—— 
60 16 | 27 14 
60 18 | 2 17 

wm 
60 10 | 29 02 
59 68 | 26 42 
59 51 | 27 12 
60 12 | 27 37 
60 15 | 27 87 
60 02 | 28 2 
59 57 | 30 18 
69 46 | 30 20 || __ 
69 53 | 29 55 
59 57 | 20 46 
50 89 | 20 45 
60 00 | 20 46 
60 03 | 20 33 
50 59 | 29 08 
50 28 | 28 02 
59 41 | 26 31 
50 49 | 2 2 
50 41 | 25 48 
50 42 | 25 O1 
50 26 | 24 48 
50 26 | 24 44 


WulllI. Reef: Li ancuse Scecoecats 
Nargen I.: Lightho 
Ca Sourop Surop)e Lighthouse. 
Pakerort: Lighthouse._..........- 
Cape Arabusheren: Lighthouse. - 
Odensholm: Lighthouse_........-- 
Tahkona (Tachkona Point): 
Lighthouse.........-........---- 
Dagerort: Lighthouse_.._........- 
Ristna Point: Lighthouse. ........ 
Filsand: Lighthouse. .._........-- 
Zerel (Svalferort): Lighthouse__.-- 
Allirahu (Galliray): Lighthouse... 
Kubasaar: Lighthouse. ...__-.--.- 
Kino I.: Lighthouse_..........---- 
Pernau 8. ent. light............... 


Gainash (Ainazi): Lighthouse.-.-- 
Salacgriva: Lighthouse............ 
Livonia: Dingen-Knan Point: 

Lighthouse.............2.2.-.... 


seer wrewrewreccece 


Riga: 8 St. Peter Cathedral_........ 
Messaragotsem Point: Lighthouse. 
Domesness (Kolkarags): Light- 
Michael (Mikelbaka): Lighthouse. 
Liserort (Oviza): Lighthouse. ..._. 
Windeu (Ventspils) (rear): Light- 
ackofen (Uiaea): Lichthouse: 
Steinort Perens : Lighthouse. 
ee Liepaja) Main: Light- 


Meme): Lighthouse.............-- 
Nidden: Lighthouse. ..........-... 


Brusterort: Lighthouse..........- 
Pillau: Lighthouse...............- 
Fischausen: W. Gable Church. .-. 
Konigsberg: University Obs. .--.. 
Tolkemit: Church tower......-.-- 
Kahlberg: Lighthouse............. 
Elbing: Church tower...........- 


Neufahrwasser: Lighthouse.....-. 
Gydnia: Marine Obs_...........-. 
Oxhoft: Lighthouse__............. 
Hela: Lighthouse. _.......-...---- 
Jastarnia Pen.: Lighthouse......-- 
Rosewie: Lighthouse....-. Pee 


Stilo: | Lighthouse Sie thous cevnus 
Leba 


Ghurch Tower......-.....-..- 
Mole head light............-.. 
Scholpin: Lighthouse. _......._.-- 
Jershoft: Lighthouse_.........._-- 


we me ew mm ewe ete eer ree wemanece 


Ch 
Funkenhagen: Lighthouse.......- 
Kolberg: Lighthouse.............- 
8t. George’s Church.........-- 


Bornholm I.: 
Hammeren Lighthouse. .....-. 
Hammer Odde Lighthouse. - -_. 
Due OddeN. Lighthouse... _- 
Christianso I.: Lighthouse...._-.. 
Spare Lighthouse............-- 
oen I.: 
Lighthouse__....---2 2-22. 
Heleharnnakke Lighthouse...-. 
store: Church spire..........-. 


: E. mole Tht ere amen: 
Sterns: Lighthouse...............- 
Kjoge: N. mole light.............. 
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Page 344] APPENDIX IV 
MARITIME POSITIONS 
ATLANTIC COAST OF EUROPE—Continued 
Coast Place Lat. N. | Long. E.||Coast Place Lat. N. | Long. E 
° , ° ‘ ° , co} ’ 
Copenhagen Ebeltoft Bay: Lighthouse._..-_--_- 56 1 10 37 
University Obs. (center of Hjelm [.: L sige yes ene xeauei ate 56 08 10 48 

tk a ee ae 55 41 12 35 Grenaa Harbor: E. mole Jight__-_- 56 25 10 56 

ij pap Battery Light- Fornaes: Lighthouse-.-_.....-.---- 27 10 58 
FE EO Sas 55 42 12 37 Ceeciid: nudshoved: Light- 
Miadeigrand i gs See eee Cee 2 re ae ae 56 32 10 50 

OTE 6 nctscrlincweitapelodaan 55 43 12 40 Udbyhoj: Lighthouse___.....__--- 56 35 10 19 

Flakfort: | ae eae 55 42 12 44 Anholt I.: Lighthouse__........__- 56 44 ll 39 
Kronborg: NE. Castle tower Light Hals-Barre: Lighthouse.._....---- 66 57 10 26 
I i aOR SE 56 02 12 37 Hals: Church tower--............- 57 00 10 19 
Nakke. Hoved: Lighthouse_.-----. 56 07 12 21 =< Laeso, N. W. reef Lighthouse-__-_- 57 18 10 46 
Gilleleje: Outer mole Lighthouse..} 56 08 12 19 5 Nordre Ronner Lighthonuse....___- 57 21 10 55 
Lysegrund: Lighthouse-.-----.----- 56 18 11 48 & | Frederikshavn: S.lightinnermole_| 57 26 10 33 
Hesselo: Lighthouse__.....-..----- 56 12 11 43 Hirsholm: Lighthouse........--..-- 57 29 10 38 
one Rose Lighthouse--_-_------- 55 38 12 41 Skagen: 
ynees: W. mole light_-_....._-.--- 55 56 11 62 PIRI Se ns OS 57 44 10 38 
podsjerg: Ai 55 58 ll 51 Sn hig F Tg ale gga light.__| 57 43 10 36 
Rev.: Lighthouse --- -- 56 05 ll 13 Hirshals: Lighthouse.............- 57 35 9 57 
eho: Lighthouse Ses cnisapeitalonceebieiieta 55 55 11 05 Hudbjerg-Kn mate : Lighthouse Giactek 57 27 9 47 
Revsnaes: Lighthouse cheeaiamiGas 55 45 10 52 Hanstholm: Lighthouse-.---------- 57 07 8 36 
Kallund : E. molelight_.------ 55 41 11 05 Lodbjerg: Lighthouse ---__------.-- 66 49 | 8 16 
2 joke Lig RINNE: is cencceancecs 55 20 10 58 Bovrbiees: RAPURONG ccc ncn cens 56 31 8 07 
3 be SASTRNOUSS 6 csiccnnasnus 56 03 8 06 
Breakwater light: 8.end_--_--- 55 20 11 08 ing Coarck s Be os ane, 56 05 8 15 
rg Helleholm: Lighthouse_..| 55 11 11 13 Spee bo uk: Lighthouse___-.-- 55 33 8 05 
mo I.: ——- 

: Stettin N. Castle tower. ..-.-..-... 53 26 14 34 
Lighthouse... ...------------ = ae ut = Swinemunde: Lighthouse- --._----_- 53 55 14 17 
Church... .....-.-------------- 55 10 11 09 Usedom: Church t 53 52 3 55 

Vejro I.: Lighthouse-_._--.------ 65 02 | 11 22 Poni ten eae y ae oe 
Vordingborg: Woleast:Ghuesi ower... 54 03 | 13 47 
Ore: Lighthouse-_-.---.------ 55 00 | 11 52 omens. ee nae peeeai 
Waldemar tower: Lighthouse_| 55 00 | 11 55 Grelfs ald es Lichth urch..| 54 06 13 23 
Hestehoved: Lighthouse_____----- 54 50 | 12 10 SO GLetie 5415 | 13 56 
Hyllekrog: Lighthouse..__-------- 54 36 | 11 30 carpe? esa eg gh “2B | 18 3 
Bandholm: N. mole light___.-__-- 54 50 | 11 30 ped apr pthe hecd Foot lee ga 54 25 4H 26 
Kragenaes: N. mole light. - ------- cH it 2 Kollickercrt: Lishithenss ARS A A 3 3 ry 
ta aia imac ess Ranzow: Lighthouse <= ---2.---- 4 35 | 13 38 
Lighthouse.._...-...---------- 54 50 | 10 58 pa ltedlnianleh tg. SeeRasruvee 
K elsnor Lighthouse.___------ 54 44 | 10 43 nie p Lighthouse ------..--- 54 36 | 13 07 
sa | Langeland: erendehl: Up 2). eee 54 26 13 O04 
= “itranekjaer Lighthouse... 54 59 | 10 53 Barhoft (rear): Lighthouse. . -. .-- - 54 25 | 13 02 
Hov Lighthouse aN ee 55 09 10 657 Stralsund: St. M Church..--.._- 54 19 13 06 
: Franke-Klint Lighthouse____- 55 10 | 10 56 2 eee ouse...-------- 54 28 | 12 30 
& Lohals Lighthouse. _.....--.-. 55 08 | 10 54 Shark 64 20 | 12 23 
Sio I.: Lighthouse........-.--..-- 54 57 | 10 42 Lighth a aa ieee as ao | (le 2 
Elsehoved: Lighthouse-.-.---..--- 55 06 | 10 47 Wasnenunde: pprssee Re anneeeasaey 
Nybore: Lighthouse 54 11 | 12 05 
Our SPO. ssc sciwadccsou 55 19 10 48 Rost O St Pens Chowh BA 12 
Jomfruhoj rear light beacon_.-| 55 18 | 10 47 Tyiedeitncer Bibdes nati ee 06 7 pr 
Knudshoved: Lighthouse........-| 55 17 | 10 51 b»’ | Basdort: annonce dia on... rr 06 : : 
Romso: Lighthouse._.......-...-- 55 31 10 48 = Buk hi tebe d OB .22-2--0-=- Hh po a a 
Aebelo: Lighthouse. _._--.-------- 55 39 | 10 10 Wis wor Nicholas Church Anse s 641 il ae 
Strib: Lighthouse__._........-.--- 55 33 9 45 micenieea “f: Lighth recuse ine “01 ll a 
Feng 1 Lighthoige 65 8 | 9 42 See ea ee | ee 
sc" peices sdaahcse dance bs ca » a Travemunde: L nh to Diagateieaiat e3 0 10 ss 
Baago 1? Lighthouse... 55 18 | 9 48 a: ikea tei os 
: OO... He. OS 10 52 
Tvinsbjerg (rear): Lighthouse.....] 85 20 | 9 55 Dahmeshoved: Lighthouse. 54 12 | 11 06 
Church tower-le_-...-..-...-.-- 55 16 | 9 54 Ors 
Front range mo light....------- 55 16 | 9 653 penpals bare ig po wine +e ko 
Helnaes: Lighthouse..._..--.----- 55 08 | 9 59 wie Make tek 30 | 11 4 
ee gcc ate oe ie ie Be Me ek ee he 
OSVGT BUAGIOO ccna? SEE: PSB pea Seer a enecaresraee 
Augustenborg: Church........__.- b4 57 | 9 52 Bk rn Salt th o> rg aed ge ae 
Hojbjerg: Survey station...._.___- 54 58 9 59 Sota a Li tho WEF. -n-consne 54 2 | (10 Se 
Aabenraa: Church.._...--...----- 55 03 9 25 He et oedere To 4 30 | 10 38 
Aaro I.: Lighthouse........------- 55 15 9 44 che Chasn at at | ia se 
Aaro Sund: Mole light_...--.----- 55 16 9 - 43 Gad Unioasiie Dhan 54 20 | «10 00 
Kolding: Castle tower____..-----. 55 30 9 29 Bulk Poilnt:L sath FVatory....-- a 7 | 10 22 
Borup: B. Lighthouse =. 55 32 | 9 41 che ei cml aa tia 
Fredericia: N. mole light_.....___- 55 34 9 45 ag fh tt 54 aT ° 81 
Traelle Naes: Lighthouse__-_____- 55 38 9 52 Fees “Aa canes sonnsanressoace 4 38 9 0 
Se nr anne eS: 55 50 10 04 Schleimunde: Lighthouse eek o4 40 10 02 
Front range Lighthouse______- 55 61 9 52 it} te arpa ade ep aaa ae 
Schleswig: Cathedral dome...._.--- 54 31 9 34 
a Church spire. -.--....- 65 53 9 51 LL org) a mcd ie oe ee - “ 7 
Vestborg Lightbouse.......... 55 46 | 10 33 vine eg te weg a ea 
Ljush e Lighthouse hate aio 55 46 10 37 Ss Flensburg: Nikolav Church wa marae 54 47 9 26 
Kolb mole light_____.__ 55 48 10 32 Cruldager: Church. «.-....5...6.2.. 55 32 8 24 
Hov Harbor: E. mole light_._-___. 55 55 10 16 sq | Fano Nordby harbor: 
‘Tune I.: Lighthouse.<.-.:...-.6i: - 65 657 10 27 es Pier (center) light..........--- 55 27 8 25 
Tuno Ron Can naideiereatncuimehinen 655 57 10 2 —F- ORONO. 35 cdicwnwccedtusecs = --| 55 26 8 24 
Aarbus: Mano I: Church spire....---.----- 55 16 8 32 
South Havn: E.molelight....| 56 09 10 13 Balldm: Cuureh. << cccisscncwnss 55 06 8 40 
Sletterhage: Lighthouse___.___.__- 56 06 10 31 
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Coast Lat. N. | Long. E.||Coas Place Lat. N. | Long. E.f 


eeeencenaeeeeeoene seer eee === 


Digitized v Google 


° ’ ° / oO ’ ° ’ 
Rotekliff: Lighthouse - - ----------- 54 57 8 21 alais: 
Tiorum Point: Lighthouse--------- 54 45 8 18 Ligh theus0.....-ccssess=-0enas 50 58 , 6 
Fohr: St. Nicholas Church-------- 54 42 8 33 Saint Inglevert aerial light.-..| 50 53 1 45 
Galgen : Survey station_--..--- 54 41 8 34 Cape Gris Nez: Lighthouse- - - ---- 50 52 1 365 
Amrum I: CODD. Kn cucacennas 54 38 8 21 Boulogne: Chanzy quay light----- 50 44 1 36 
Husum; Ch 2.03. —L Rema slamnah: ¥ aS 50 42 1 34 
a cae 
on de- 
h coast—Cap Gris Nez—Light stati : 50 07 | 1 50 
(4929) FRANCE—Nort es has been destroyed. The light, signal station, Se ae 
ris Nez Light has rr 
unged from ight. 49 52 | 0 43 
and fog signal “i eae iad “Tower” will be substituted for the lig 49 46 | 0 22 
Note.—A small circle marke N., 1°86" E 49 41 0 10 
° . 
Approx. position ° 50 52 ” (N. M. 51, Dec. 16, 1944.) 
#9 25 | 0 14 
0 1 
H. O. Pub. 9, 1938, page 345. 49 22 | 0 04 
vat. N. |Long. W 
49 ll O. Zt 
49 20 0 31 
apiguy: mear range light_.--------- 49 19 1 07 
__-wannerense yates We VAG DELL Carentan: Rear range light-------- 49 20 1 il 
Jaser--------------------- 53 31 8 09 St. Marcouf Islet: Lighthouse - -- -- 49 30 1 09 
Wan : thouse----------- 53 47 7 54 Morsalines: Lighthouse- - --------- 49 34 1 19 
Emden: Time ball signal_--------- 53 21 7 12 La Hougue: Lighthouse. ---------- 49 34 1 16 
Borkum: West Light 53 35 6 40 “— Barfleur-Gatteville: Light- os. is + a 
° house- ------- OUS®. . .. - 2-2 oo oe oe eee 
ip vere, Dem gy arias a Mandl 2 Cape Levi: Lighthouse.-.--------- 49 42 | 1 2 
house. ....--..------------------ 53 29 6 09 Breakwater, W. head: Light..] 49 40 1 39 
Ameland: Lighthouse- -.----.----- 53 27 | 5 38 Marine Obs. time signal.......| 49 39 | 1 38 
a ee) eae) ee Cane de La Hague: Ligewisht.| 49 g3 | 1 82 
Vlicland (Vuurdain): Lighthouse.| 53 18 | 5 04 Boe ee aguihouss|-48 ae. | 1 a 
ai has ees ge ed Soll | 4 51 Coutances: Oath ral tower...--- a 
- es usey: Lighthouse- -------- 
: Lighthouse--------- 4 : : i. 
amuse demonic} 83 | $8 | BO ae isons) 2 R\ 3S 
Wwe Ldeep: 21208 Dak Sena ~~ La Pierre de Herpin: Lighthouse-.| 48 44 1 49 
3 oo et erage aang aren wa se 4 37 || gi | St. Malo: Rochebonne: Light- oe on 
W. Church tower.....--------- 52 22 | 4 83 Oe cai tighoase | 48-4 | 3 18 
Meader ceenee| 02 2 | 4 8 Roches Deuvres: Lighthouse.-----| 49 oe | 3 6s 
Ss dhagg 2 gy PETES eaux de Brehat: Lighthouse- --- - 
aig tea ee ek we | 3 ee Les Sept Nes: Lighthouse. -------- oe 4. ae 
Leiden: Univ. Obs. (Mer.cirele)--| 62 09 | 4 29 Len tery 7 TS SS at ao 
Ymuiden (Ijmuiden) (rear): Light- Ile Vierge: Lighthouse... -------- 48 38 4 34 
OUSO. «2 --n-<onnnnannnannnnnn=- 62 28 | 4 35 Pabervrach: Tle Vrach Light- 
Noordwijk: Lighthouse...-------. 52 15 | 4 26 sa ee ss 37 | 4 35 
Scheveningen: Lighthouse-_------- 52 06 4 16 wate ee 
ae" one oordwal (rear) a oe 408 Pointe de Creach Lighthouse. 48 27 5 0s 
ely PET OE, IE 0 ghthouse . - ------ 
ch a oaaaemmanant awe wm ie La Jument Rock Lighthouse-.| 48 25 | 5 08 
Goeree: West Hoofd Lighthouse...| 51 49 3 52 Les Pierres Noires: Lighthouse....} 48 19 4 55 
North Schouwen: Lighthouse_._.-- 51 45 | 3 47 ST Lite ae ee ae 
Domburg: Lighthouse__.-_-.------ 51 34 | 3 20 ST oust: Kermorvan Pout 
Westkapelsche Dyke: Lighthouse.| 51 32 3 ae Pos Te sities ie 48 22 4047 
hs ou a he on a viral iy Pointe St. Mathieu: Lighthouse...| 48 20 | 4 46 
Time D.. ? Pare 51 27 3 36 a Point: Lighthouse--_- -- 48 17 4 38 
oa Bestion Light- 51 26 3 35 Portzic Point Lighthouse- - - -- 48 21 4 32 
eae Naval School Obs. timesigosi_| 48 25 | 4 30 
‘ Ar-Men ; GUNES ccs 
ral ae age Genii te a ee ] oe hs Ss 
ntre Dame Cathedral... ---- 5113 | 4 2 eile > Lightiouss. . . ... 
rac eet te, Marlo, light aor 51 15 : a Aiea Seine Light- 1s i 4 
Nieuwe Sluis: Lighthouse -- ---- -- 51 24 ar aia pe eee TY Pde jt oa 
ore id ong hm RR el ae 51 21 3 12 Penmare’h (Eckmiih]): Light- 47 48 4 22 
Blankenberge: E. Breakwater HOUSE. - « 2 ene onnn--nennonnn-=- a7 4 
EAR Koincarnnbecdanies.td 51 19 3 07 Ile Penfret: Lighthouse. - - -------- 7 43 3 57 
Ostende: Concarneau: Lighthouse- - -------- 47 53 3 54 
E. Breakwater Lighthouse..--| 51 2 55 Ile de Groix: Pen Men Lighthouse.| 47 39 3 30 
Nieuport: Lighthouse --.-------.-- 51 2 44 Lorient: Church Tower Light- 
La Panne: Lighthouse. ---- -------- 51 2 35 house- ..------------------------ 47 45 3 22 
Belle Le: 
Leaked dacdueead 2 2 Pointe des Poulains Light- 
SEER Rae eee oe 2 B ‘Lighthouse. ---__----- 
ela Be eae be eel 2 22 
eter te Sop oe ee 


Page 346] APPENDIX IV 
MARITIME POSITIONS 
ATLANTIC COAST OF EUROPE—Continued 
Coast Place Lat. N. | Long. W.|/Coast Place Lat. N. |Long. W 

° , ° / ° ‘ ° , 
Port Navalo: Lighthouse--_-_----- 47 33 2 55 Cape Prior: Lighthouse-_----.------ 43 34 8 19 
Vannes: St. Pierre Church. .------ 47 39 2 45 Ferrol: 
Croisic: Trehic Jetty Lighthouse..| 47 18 2 31 Arsenal flagstaff, old naval 
Guerande: Church a gy i eidaaatifaie 47 20 2 26 OR co sais ated nceneenieus 43 28 8 14 
St. Nazaire: Old Mole Lighthouse_| 47 16 2.23 Cape Priorino Chico Light- 
Paimboeuf: Church spire...._-.--- 47 17 BGS ae. A Oe RI att tceekeanexsds 27 8 20 
Nantes: Cathedral. ............-..- 47 13 1 33 Coruna: Torre Hercules Light- 
Le Pilier Isle: Lighthouse- -------- 47 03 a 2 GOD, cc cndnaceducades $isscueess 23 8 24 
Noirmoutier I.: Des Dames Light- m | Sisargas Islands: Lighthouse Wes 43 22 8 61 

NN a ene te alegre cneeealon 47 Ol 2 13 Punta Lage: Lighthouse_-----_-__-- 43 14 9 Ol 
Ile ae Petite Foule Light- Cape Villano: Lighthouse___..._-- 43 10 9 13 

i, tes haha Roatan tha bls abaapetiaaa banat 46 43 2 2B Cape Torinana: Lighthouse_._....| 43 03 9 18 
St. “Gilles Sur Vie: Rear Range Cape Finisterre: Lighthouse------ 42 53 9 16 

RIOD iis cic Se detente BE acoinls 46 42 1 57 Insua Pt.: Lighthouse. -____...___- 42 46 9 O08 

7 Sables Sicha Potence Cape Corrubedo: Lighthouse. - _-- 42 35 9 05 
seg te pohcrtres RES LAWRIE 46 30 1 46 ay Isla: Lighthouse-_--------- 42 28 9 Ol 
Baleines Lighthouse.| 46 15 1 34 Ons Isla: Lighthouse-__........._.. 42 23 8 5 

Le Pallces N. jetty Nght.......... 46 10 1 14 Vigo: 
8 | Rochelle: Rear Lighthouse- --_---- 46 09 1 09 Monte Faro Lighthouse.......| 42 13 8 55 
S | Ile d’Aix: Lighthouse. .......-.--- 46 Ol a | Punta Robaleira Lighthouse..| 42 15 8 52 
E Rochefort: Cape Vicos: Lighthouse___._____-- 42 ll 8 53 
‘Time ball lenel. 36 cc5ccc oe 45 56 0 58 Cape Silleiro: Lighthouse---_.-__- 42 06 8 54 

TI ce iita buat cenmbbueehen 45 57 0 58 — 

fle d’Oleron: Chassiron Point Cape Montedor: Lighthouse. ----- 41 45 8 52 

DA I sins cenaedetccaan~ 46 03 1 25 Boa Nova: Lighthouse_--_--__....-. 41 12 8 43 
La Coubre: Lighthouse- -.-_-..___--- 45 42 1 14 Leixoes: 8. mole light__....._.._-- 41 ll 8 42 
Cordouan Rock: Lighthouse. - - --- 45 35 1 10 Oporto: Nossa Senhora da Luz 
Gironde River: [ODEs csacdaercwdabocnesechas kes 41 09 8 41 

Terre Negre Lighthouse---_---- 45 39 1 06 Aveiro: Lighthouse--.-_........-.-- 40 38 8 45 
Pointe de Gi Grave Lighthouse...| 45 34 1 04 Cape Mondego: Lighthouse.......| 40 11 8 5&4 
Bordeaux (Floirac) Univ. Obs. Coimbra: University Obs__..._-__- 40 12 8 26 

CHEE CUPGUB io. ss beattinndeeceaesess 44 50 0 32 Penedo da Saudade: Lighthouse_.| 39 46 9 02 
Hourtin: Lighthouse--........---- 45 08 1 10 Farilhao: Lighthouse--.-......---- 39 29 9 33 
Cape Ferret: Lighthouse-_--------- 44 39 1 15 Berlenga: Lighthouse---.---...-.-- 39 25 9 30 
Contis: Lighthouse__.........----- 44 06 1-9 Cape Carvoeiro: Lighthouse. ---_- 39 22 9 24 
Bayonne: Cathedral._._..........-- 43 29 1 29 Peniche: Fort Cabanas Light_---- 39 21 9 23 
Biarritz: Pointe St. Martin: Light- Cape Roca: Lighthouse------.-._- 38 47 9 30 

BOUND. is nscearsccutnsratng cm aind 43 30 1 33 g Razo: Lighthouse--.-.-..... 38 42 9 29 
St. Jean de Luz: Saint Barbe 2 Lisbon: 

INDI OUNE Sc ie cceccusecoasases 43 24 1 40 = Fort Bugio Lighthouse-_-_------ 38 40 9 18 
Le Socoa: Lighthouse- ----.-.-.-.--- 43 24 1 41 “ Tapada Obs. (center of dome).| 38 43 9 11 
Abbadia: Hendaye Obs_-_...--.-- 43 23 1 45 Customhouse wharf timesignal..._| 88 42 9 08 

— Cape Espichel: Lighthouse._._...| 38 25 9 13 
Cape Higuer: Lighthouse-.-- ------ 43 24 1 48 Setubal: Outao Lighthouse. ..-_-_-- 38 29 8 56 
Port Pasajes: Cape La Plata Cape Sines: Lighthouse_._--.---.- 37 57 8 53 
DAS COUR a. ccaelecdiacenunws 43 20 1 56 Cape Sardao: Lighthouse_-_-.-__-- 37 36 8 49 
— haat Santa Clara Light- Cape San Vicente: Lighthouse__..| 37 Ol 9 00 
| ache aad sipiemeeeaieine 43 19 2 00 Sagres: Lighthouse................| 37 00 8 57 
uetaria San Antonio I.: Light- 0s: 
SpA Pen en eee ee 43 19 9 12 Ponta da Piedade Lighthouse_| 37 05 8 40 
zuma poo ia stn siete cette sale 43 18 2 15 Cape Carvoeiro do Algarve: 
Mach chaco: Lighthouse_....| 43 27 2 45 Li UN naan Ke cnbinssanteces 37 05 8 26 
Bi - Punta Galea Lighthouse__| 43 22 3 02 Cape Santa Maria: Lighthouse...| 36 58 7 52 
Castro Urdiales: Breakwater light-| 43 23 3 13 Vila Real de Santo Antonio: 
Santona: Faro del Caballo-_-----_- 43 27 3 26 ENING, crn reine edeettemoes 37 11 7 2 
Santander: Cape Mayor Light- —--- 
DOUG svi nkes cktastwecaten. ie 43 29 3 47 mpido de Cartaya: Lighthouse.| 37 13 7 08 
| Suances: San Martin de la Arena of Lighthouses .o.<5ses5-.2 37 08 6 49 

LiISRCROUOR. coc ccwesscncsecn es 43 27 4 03 oh Fees Lighthouse.....<..<«.-.- 36 44 6 26 

® | San Vicente dela Barquera: Light- Cadiz: 

BON? oo cncoduenstsaudiensiteae 43 24 4 24 San Sebastian Lighthouse---_- 36 31 6 19 
San Rinna: Lighthouse. ------- 43 24 4 32 San Fernando: Naval Obs. 

Ribadesella: Mt. Somos Light- (center building) --........_- 36 28 6 12 

BOUND 5 .cdecnadivsathucccyecsas 43 28 5 04 Cape Trafalgar: Lighthouse--.-__- 36 11 6 02 
Gijon: Santa Catalina Lighthouse_| 43 33 5 40 an | Tarde: Lignthonse......s.<.a.-s. 36 00_ 5 37 
Cape Torres: Lighthouse__---- ---- 43 34 5 42 Carnero Point: Lighthouse_______- 36 04 5 25 
ict ak sor neg o: Lighthouse...-| 43 36 5 46 Al : Verde I. Lighthouse...._| 36 07 § 26 

pe hae Lighthouse. --.....--.- 43 39 6 51 Gibraltar: 

TAC OUNG et cccsceccsue 43 36 5 57 Dockyard clock tower-_____---- 36 07 § 21 
Tapia Isla: Lighthouse__-....-_._- 43 34 6 57 ole Pt. Lighthouse.._......| 36 06 5 21 
Estaca de Bares: Lighthouse_----- 43 47 7 41 Doncella Point: Lighthouse--- ---_- 36 25 5 09 
Cedeira: Lighthouse--.--....-..-.-- 43 39 8 05 
COASTS OF THE MEDITERRANEAN, ADRIATIC, AND BLACK SEAS 
Marbella: Lighthouse 4 53 Mesa de Roldan: Lighthouse -_--- 36 56 1 54 
ee Point: Lighthouse 4 38 Mazarron: Lighthouse__-_..._.---- 37 33 1 16 
an San Nicolas’ Battery Cape Tinoso: Lighthouse-.-_-_..--- 37 32 1 06 
thouse 4 25 Cartagena: 
fingers Point: Lighthouse 3 57 Navidad mole light. .....----- 37 35 0 59 
Cape Sacratif: Lighthouse 3 28 nH Escombrera I. Lighthouse__..| 37 33 0 58 
Adra: Lighthouse 3 02 Porman: Lighthouse----.....-.--- 37 35 0 50 
Almeria: E. breakwater light 2 2B Cape Palos: Lighthouse____--.---- 37 38 0 41 
Cape Gata: Lighthouse 2 ll Hormiga Grande I.: Lighthouse__| 37 39 0 39 


Digitized v Google 


Spain 


France 


E] Estacio: L 
Santa Pola: T 
house 


eee eeareecoeeraweecaaneeeewoezoae 


Plana (Tabarca) I.: Lighthouse. -- 
Pepceet aia Outer breakwater light . 


Albir Point ntbouse.- 
Albir Point: Lighthouse Seseweauss 


Gandia: N. mole light... .........- 
voce Cullera: Lighthouse........- 


Castellon de la ares Lighthouse. 


ee Iz hthouse....... 
ape Oropess: thouse........ 
Peniscola: Lighthouse. ...........-. 


Vinaroz: E. mole light............ 
nue S Alfaques: Bana Pt: Light- 

OUSO 2c occ ctte eee ssegidess 
Cape Tortosa: Lighthouse... .....-. 
Reus Fangar: Fango Point Light- 


OUSS. 2 2 eee ew ece weeeweneocvoees 


Cape Salou: Lighthouse 
Tarragona: 


wemecweeeceece 


Levante mole t.22 
vileceeve y Geltru: Lighthouse. 
Mont}uich Lighthouse... ..... 
pitt beck tower...-...----- 
Calella: ila pierce A ssoeecien Gases 
Cape Tossa: Lighthouse... ......- 
P os: Molino Pt. tL hthouse . 
thouse 


Rosas: Ponsalla ron Lighthouse. 
Cadagues: Cala Naus Lighthouse. 
Cape Creus: Lighthouse 
Selva: Sernella 


Cape Bear: Lighthouse. .........-. 
Port Vendres: Fort Fanal Light- 
OUS6 2 bce eee eee 
Port Nouvelle: 8. jetty light... ... 
Brescou: Lighthouse 
Cette: (8éte 
Mont &t. Clair Lighthouse... - 
higues- Mortet Ranignstia “Pi. 
es : Esp : 
ae thouse. 


eseaeaevenanwoovoeasn eerste 


Marseilles: 

Joliette Lighthouse. ........... 

National Obs. (Mer. circle) - - . 
Tle a’If: Lighthouse..........2.... 
Planier I.: : 
Cassis: Tigh 
Ciotat: Lighthouse Beate eaee baie 
Grand Rouveau: Lighthouse...... 
Toulon: 


woanweeecosue 


: Lighthouse. ........-. 


Nice: ws: Lighthouse Aaa eens 


APPENDIX IV 


MARITIME POSITIONS 
COASTS OF THE MEDITERRANEAN, ADRIATIC, AND BLACK SEAS—Continued 


Lat. N. | Long. W.||Coast 


Place 
° o 
Mt. Gros Obs........-.......-..-- 43 43 
Villefranche: Cape Ferrat Light- yeas 
Monaco: Green light on mole. ...-. 43 44 
Iviza I.: 
Conejera I. a Seek ee 39 00 
Ne rant i thous ies Wie 39 02 
Botafoch I. Lighthouse Bebeecbs 38 54 
Cabrera I1.: Lighthouse...........- 39 08 
rents falinas 
Lighthouse. . --.. 39 16 
Poe Pi Lie nikon Peer 39 33 
Cape Cala Figurea L penal. 39 27 
Cape Llebeitx Lighthouse....| 39 34 
Port Soller ay Si ar to messed 39 48 
Cape Formentor Lighthouse..| 39 658 
Cape Pera Lighthouse. ....... 39 43 
Minorca: 
Cape Caballeria Lighthouse...} 40 05 
Port Mahon Lighthouse. -. .-. 89 52 
- Aire I. Lighthouse... .......... 30 48 
abe vento: Lighthouse....| 38 53 
: Cape San Elia Light- So 
Garters: International Lat. 
A pe)...... 2. 39 08 
CavoliI.: Lighthouse............. 39 065 
Cape Bellavista: Lighthouse. --_-_- 39 56 
Tavolara I.: Lighthouse...........| 40 55 
Cape Ferro: thouse...........| 41 00 
Caprara: Lighthouse.............- 41 07 
Cape Caccia: Lighthouse-.-.-_....-. 40 34 
Cape San Marco: Lighthouse... .. 30 52 
Cape Sandalo: Lighthouse........ 89 09 
Razzoli I.: Lighthouse. ........... 41 18 
Lavezzi I.: Lighthouse............ 41 20 
Cape Pertusato: Lighthouse. ___.. 41 22 
Necro Point Chiappa Light- ai. 54 
tees: Lighthouse... ............. 42 16 
Ue Rousse: Pietra Lighthouse... . 42 39 
Bastia: Dragon Mole Lighthouse.| 42 42 
Cape Corse: Giraglia lL. Lighthouse.| 43 02 
Revellata Point: eee eae 42 35 
Ajaccio: Lighthouse..............- 41 55 
I.: Lighthouse. ...- 41 8 
Aquila Point: Lighthouse eevostede 41 33 
Cape Arma: hthouse.........-. 43 49 
Port Maurizio: 8. mole light... ...-. 43 52 
Cape Mele: Lighthouse euskezaven 43 687 
Cape Vado: Lighthouse..........-. 44 15 
Genoa: 
Cape Faro thouse.........| 44 
sey Deuigns tine sigaal 4 
o time signal.. ___- 
Portofino: Lighthouse............- 44 18 
Tino I.: Lighthouse..............- 44 02 
Spezia: Santa Maria light......._. 44 04 
Florence: Arcetri Royal Obs... ... 43 45 
Meloria Bank: Lighthouse. .....-. 43 33 
Livorno: (Piana Rock)  break- 
water Lighthouse... ._.......... 43 33 
Vada Rock: Lighthouse........... 43 19 
Capraia: Cape Ferraione Light- 
aoe: Sescusie sects deseaveew uc 43 0 
"boiversje L enue eaietedanas 42 48 
Stella Fort 
Lighthouse. dence Suan 42 49 
Port Longonne: Cape Focardo 
thouse...-....-2-2 222... 42 46 
Pianosa fg pari Gacoeeerues 42 35 
Africa Rock: Lighthouse.......... 42 21 
almaiola I.: Lighthouse.........-. 42 6&2 
Gules Pt.: Lighthouse. ..__..- 42 27 
liol 
Capel earns pee home sewed 42 19 
Fenajo Lighthouse. -........... 42 B 
Port Ercole: oe Peet Roca Light- — 
Giannutri: Punta Rossa Light- eae 
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Coas 


Italy 


Place 


Cape Lite re ] niaraccia | Tower, 
Fiunrara era Grande: Lichtiouss’.. 
Tiber ae Tor San Michele 


Cape d’Anzio: Lighthouse. ....-.- 
poate Circeo: Lighthouse 


Batti Caterina: Lighthouse... 
Zannone I. Cape Nero: Light- 
Ponza I. Guardia Pt.: Light- 

alba maa ee 


sen enwerceeetaeaewwoaweewrecewces 


een ewaeeonseeeennzoas 


Be odim te Obs 
a on 
Castellamare: 


Palinuro: rari 


ea: Lig 
Cape ! Suvero> L 
Ca Vaticano: 


Castle Lighthouse...........-- 
Cape Peloro Lighthouse (old). 


Ustica L: 
Gavazzi Lighthouse. ............-.. 
de Zaffarano Lighthouse.... 


Main Li lepers Be eed 
: centee 8. dome). . 


ighthouse......... 
ven’ tons Point Light- 
Trapani 17 Faas bo Lighthouse... 
ne L: o Light- 


wens eeseewrewvecnaeacewaceeawes 


aear ences es eneeownwenwaazaweee 


Licata: ighthouse. Meee oaice a oeleae 

Terranova: Lighthouse. -.......... 

Cape Scalambri: Lighthouse...... 
: Lighthouse 


Cape Passero: Lighthouse uae 
ao dg : Lighthouse..........---.. 


Valletta Lighthouse. .......... 

Dellimara Pt. Lighthouse..... 

caps er bight 

a urro orco: ouse. 
Syracuse: Maniaci se 


Augusta: Dromo Lighthouse... .-. 


Catania: 
Sciara Biscari Lighthouse. .... 
Royal Obs. (Transit Ins.)..-.. 
Cape Molini: Lighthouse 


Messina: 
San Raineri Lighthouse... .... 
go San Salvadore time sig- 
Cape Armi: Lighthouse........... 
Oape 8 vento: Lighthouse. - -. 
Punta tilo: Lighthouse. ........- 


Lat. N. 


APPENDIX IV 
MARITIME POSITIONS 
COASTS OF THE MEDITERRANEAN, ADRIATIC, AND BLACK SEAS—Continued 


Long. E.||Coas 


aS 


ry 
a 


428 & R288 


SS 


RRER 


Italy 


Yugoslavia 


Place 


yirteag N. bor breakwater 
Alice Boe Linkin 
pape Trionto: thouse........ 

Cats San Vito Lighthouse... 


weeaceze 


San Paolo I. Ligh 
Arsertal time signal_.........-.. 


time signal 
Gallipoli: San Andrea vitea Lighthouse. 
“oe Santa Maria di Leuca: 
thouse 


Le eee eeenaaravesennoae 


Re ee eee 
Cape Gallo: Ligh 
Bari: 


San Cataldo Lighthouse......- 
Barletta: Lighthouse.............. 
Molfetta: Main Lighthouse. ...... 
Manfredonia: Main hthouse..- 


Vieste: Santa Croce Rock Light- 


h 
Ancona: Ceppuceini Lighthouse. - 
Castel di Mezzo: 
Cesenatico: Main 
robe acl eae bh 


USE... eseeenmeewteuecvceacvavsece 


sesurseeonzaeceas ee 


Obs 
Piave Vecchia: Lighthouse peewee 
Grado: ead tower._........... 


Sottile Pt.: Lighthouse. -.........-. 
Capo d'Istria: Galere mole light_. 
Pirano: Madonna Lighthouse 
Salvore: Mosche Pt. 
i Slade on bthouse. isesacuweeus 
Parenzo: Cathedral tower._-___..-- 
a Sante ulema . Light- 


WSO... Scccccst cc scc cides ceeies 


idecct coace eee Sees 


Ht phic Office Obes. 
arog pte Be opacte 


wenewrananweceoces 


aust D’Ostro Pt. Pighthonre: 
ba th eae arte light.........- 
Galiola I. feos mesa eens 


evraeceresounwoawnteoerecs 


Lucietta Islet: 
MulolI.: Lighthouse. ...........-.. 
Bpelsto: Botticella Pt. 


Lat. N. | Long. E. 
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Coast Place Lat. N. | Long. E.|/Coast Place Lat. N. | Long. E. 
r.) a e ) o é ° a 
Lesina I.; Kaimeni (Belo Pulo): Lighthouse.; 36 56 23 27 
Cape Pellegrino Lighthouse_..| 43 12 16 22 Nauplia: Mole light.........-...-- 37 34 22 48 
Citta Vecchia, Fortino Pt. Cape Zurva: Lighthouse.........- 37 22 23 385 
Lighthouse Nterteeeebe etre an 43 ll 16 35 Agios Georgios: Lighthouse. ...--- 37 28 23 «67 
Lissa I.: Stoncica Pt. Lighthouse.| 43 04 16 15 Lipso I.: Lighthouse.............- 37 57 23 3 
Hoste L: Li hthouse............-. 43 05 16 12 Port Drako: 
Tarcola I.: Maestro Point Light- (Piraeus) Themistocles break- 
ROUS@ wes eerste a octcketee ess 43 05 16 40 water light..........-.---.-- 37 56 23 38 
Casza L: Lighthouse_......_.._... 42 45 16 29 Time ball on lighthouse- -----. 37 «(56 23 «38 
Lagosta "Lh: Skrigeva Pt. Light- Athens: National Obs. (Cercle 
f# | house... eee 42 43 | 16 83 Byngros)....---------c-e-nee--0- 37 58 | 23 43 
4 Lagostint i: Lighthouse___.....-- 42 46 17 09 eevee Lighthouse......-....-- 37 46 23 46 
Alessandria Islet: Lighthouse. ._-. 42 52 17 2 Cape Tamelos: Lighthouse......-- 37 31 24 16 

& | San Andrea (Donsella): Ligbt- riphos (Serpho) Pt. Spathi: 
3 HOUSO cio 8 ioe ee ee 2 42 39 | 17 8&7 Lighthouse SEO erates mine en en 37 06 | 24 31 

>» Port G1  Gravosa: Pettini Rock Light Pholegandros I. Asproponta Pt.: 
aaa ek Sates ts he a 42 39 18 08 Lighthouse....-.....-...--.----.] 38 38 24 52 

Point a’ Ostro: Lighthouse........ 42 23 18 32 Thira I. Cape Akroterion: Light- 
Cattaro: WOUSO2. 5 sc. oes ser desekestecacase 36 (21 25 22 
Pie? Wentscncoesess cer ecc es: 42 2 18 46 Paros [. I. Cape Korax: Lighthouse.| 37 00 25 14 

ealth office. .....-...2 2-8. 42 25 18 46 Mykoni I. Cape Armenisti: 
Port Budua: St. Nicolo I.: Light- ighthouse.............--.-.-..- 37 29 25 19 

DOUSO ses fe tts ie carnal 42 15 18 6&2 Syros I. Cape Trimesson: Light- 

Antivari: Volovica Lighthouse....]| 42 05 19 04 HOUS@ sc cus cae cccleoauticesccueecs 37 31 24 8&8 
Dulcigno: Fort Lighthouse........] 41 56 19 12 ree L: 

Cape Rodon!: Lighthonse......... 41 35 | 19 27 tid ar iene pst seco oe il ae ee 
Durazzo; Lighthouse........-..-.- 41 19 | 19 27 hes Ie Lichthaase: """""] 33 o9 | 24 36 
Samana Point: Lighthouse See Steecs 40 48 19 21 Kalovyeri Recks: Li hthouse Cee go 38 10 25 17 
Baseno I.: Lighthous®..-..-.... 40 30 | 19 16 Breudod: Lichtin. 38 40 | 24 18 
Valona Bay: Pelasgia Pt. Light- Skyros I. Lithori Pt.: Lighthouse.| 38 47 | 24 41 

House. .-...---.-.---------------- 40 25 | 19 30 Skopelos I. Guruni Head: Light- 

Port Palermo: Pyramid wieicass en's 40 03 19 48 hea Lig 39 12 233 36 
Fano I. Kastri Pt.: Lighthouse....| 39 51 19 26 Psathura I.: Lighthouse. _-.-...-.- 39 30 4 11 
Tignoso I.: L hthouse............ 39 47 19 58 Kassandra Pt.: Lighthouse. ...... 39 58 23 2 
Corfu; Ca eriese pee neouae ==. 39 37 19 56 Salonika: White Tower. .......... 40 38 22 87 
Bivota I.; es ie ved eae 39 24 20 14 Lemnos: 
Kombi I.: Lighthouse.........| 39 47 25 14 
Marmort Rocks Lighthouse...| 39 14 20 09 Kastro Lighthouse.....--.-.-- 39 52 25 03 
Madonna I. Lighthouse. --_-.-. 39 12 2 13 Cape Plaka: Lighthouse. ......-.. 40 02 25 27 
Anti Paxos I.: Novara Point Dedeagatch: Lighthouse. ......... 40 51 25 82 

Lighthouse........-...-.0.----.. 39 08 2017 || 
Santa Maura I.: Levkas Light- Dardanelles: Cape Helles Light- 

NOUSO sock eae ce eceeecccdoss case 38 51 20.343 1) 0ti«éd) sass no ee cewnwe cence cade 40 @8 2 lt 
Cape D Dukato: ah Sag eae rir ey! 38 34 20 34 Gallipo: li: Lighthouse. .....-----.. 40 24 26 41 
Cape ane Lighthouse..| 38 11 20 21 Erekil: Lighthouse.-_........-..--. 40 58 27 «(89 
V: {I.: Lighthouse. .........- 38 08 20 25 b | Stefano Point: Lighthouse. ....... 40 57 23 51 
Port Argostoli: Lighthouse.......- 38 ll 20 28 a Constantinople: Seraglio Pt. Light- 

Formicula I.: Lighthouse. ....... 38 34 20 52 Z NOUS 2 ccs soashees sutn ees dee ees 41 00 23 50 
Kaloyeros I.: Lighthouse_......... 38 30 21 02 Skutarl; Leander Tower Light- j 
Astokos: Mole light oe at 38 32 21 05 houseé...........-.--------2----- 41 Ol 29 00 
Kunelli I.: Lighthouse.._.._..._.. 38 21 21 4 Kara Burnu: Lighthouse__.......- 41 2 23 40 
Oxia: Lighthouse. ................ 38 17 21 06 Cape Kuri: Lighthouse. ........--. 41 652 28 04 
Bi csolonehions Sosti I.: Light- _—_— 
eicaeciecte i dtr ete tr Coe taek 38 19 21 22 Megalo-Nisi I.: Lighthouse.......| 42 26 2 42 
Anti | Rion: Castro Rumelia Anastasia I.: Lighthouse uiesemeeed 42 28 27 33 
Uibupice oe ou eeasewosee 38 20 21 45 Burghaz: E. breakwater light.....| 42 20 27 29 
Cape Melongari: Lighthouse... -..- 38 C2 22 61 Cape Emineh: Light.............. 42 43 27 56 
Corinth: Mole light............... 37 87 22 56 F Galata Burnu: Light.............. 43 10 27 57 
Patras: Saint Nicolas mole light..| 38 15 21 43 Varna: E. breakwater light. ...... 43 11 az (87 
Cape P: Spas ( Araxos): Lighthouse.| 38 13 21 22 ||—-— 
Cape 8 : Lighthouse. .......- 37 56 20 42 Cape Kallakra: Lighthouse. ....-. 43 21 28 30 
Cape Glarenza: Kaufkalida I. Cape Shableh: Lighthouse... ...-.. 43 33 28 38 

Lighthouse...........2.2222 2 2 e. 37 56 21 07 Cape Tuzla: Lighthouse. .......-.- 44 00 23 40 
Cape Katakola: Lighthouse..__._- 37 38 21 19 Copesous (Kustenjeh): Light- 
peovemar Lighthouse.......... 37 (15 21 00 |} & |  house._..... 2222222 eee 44 10 28 4i 

Fidonisi I.: Lighthouse... ..--....- 45 15 30 18 
elos 1 Lighthbouse...._....- 36 54 21 40 ||-— 

10h] -1 2 | eee ee eee 36 55 21 42 Cape Fontana: Lighthouse........| 46 23 30 45 

Methoni: Mole light....._.......- 36 49 21 43 Odessa: 
Sapienza I.: Lighthouse...._...._. 36 45 21 42 Univ. Obs. (Mer. circle)....--. 46 29 30 46 
Koroni: Mole light paren let evan 36 48 21 58 Vorontzovski mole light..-.... 46 30 30 46 
Petalidi: Light.-.....-22. 222222222. 36 57 21 56 Suvorov: Lighthouse...........-.. 46 37 31 30 
Cape Kitries: hthouse._.....2.- 36 55 22 08 Nikolaieff: Naval Obs...........- 46 6&8 31 58 
Cape Matapan: Lighthouse.._....| 26 23 22 29 Berdyansk: Upper light........-.- 46 46 36 46 
Githion: Cranae I. Lighthouse....| 38 45 | 22 34 || gf | Tendra: (High) Lighthouse....... 46 19 | 31 31 
Mulaos: Mole light................ 36 45 22 48 ie Dzharuilgach Pt.: Lighthouse.-.-. 46 01 33 04 
as Sos I.: Cape Spathi Light- Cape Tarkhan: Lighthouse. ...... 45 21 32 30 
iieemeo owen cta eed ae 36 22.| 22 6&7 a | Cape Khersonese: Lighthouse.....| 44 35 | 33 23 
Cape Malea: Lighthouse.__...._.- 36 27 23 13 = Sevastopol: Vladimir Lighthouse.] 44 37 33 30 
Elaphonisi I.: Lighthouse.._.__._. 35 15 23 «31 Eupatoria: Lighthouse..........-. 45 09 33 16 
Gavdos I.: Light OUS@.._...-....- 34 50 24 03 Sarich Pt.: Lighthouse ipon caw ae 44 2 33 45 
Kuphonisi: Lighthouse._......-..- 34 56 26 09 Cape Aitodor: Lighthouse_......-. 44 26 34 07 
Cape Sidero: Lighthouse_._......- 35 20 26 20 Cape Meganom: Lighthouse ata Bcd 44 48 35 05 
Dio (Standia) I.: Lighthouse_-...- 35 28 25 14 * | Cape St. Flias: Lighthouse. .....- 45 Ol 35 26 
Cape Drepanos: Lighthouse...... 35 28 24 «15 Chaudinski: Lighthouse.......... 45 00 35 50 
Crete: Khania: Mole light.......- 35 31 “4 Ol Kertch: Ravlosk Lighthouse......] 45 18 36 27 
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Coast 


U. 8. 8. B. 


Turkey 


Syria, Grecian Arch., and Asia Minor 


Libia (Tripoli) 


Place 


cape C Chardak (Kadosh): Light- 
Pitsunda Pt. : Lighthouse..-...--- 
Sukhum Pt.: Lighthouse. ......-. 
Poti: Lighthouse Eeuteeseuoss scenes 


Batum: Lighthouse. ...........-.- 
Trebizond: Lighthouse..........-- 
Cape Sinub (Sinope): Lighthouse. 
Cape Injeh: Lighthouse......-...- 
Cape Kerempeh: Lighthouse...-.- 
Ree Burnu Lighthouse _--.-. 
Kilia Pt.: Lighthouse_...........- 
Fanar Burnu: Lighthouse......-... 
memes I.: Fanar Adasi Light- 


Mogalonis (Sigri I.): Teen 
Oghiek: Light Lighthouse....... 
ak: Lighthouse.......--..---- 


sta 
Psara I.: Lighthouse.........-.--.- 
Pasha I.: Lighthouse.............- 
Venetiko I.: Lighthouse..........- 
nee J.: Cape Papas Light- 
Levithe i. Spano Pt. Lighthouse... 
ss i adonna I.): Light- 
Kort: Calla 
Rhodes I.: Cape Prasonisi Light- 


USO es c.cessre Ses tects ec cee «eee 


pot of Rhodes: 8t. Nicola Fort 


Lighthouse..........-..-------.. 
H pal I.: Lighthouse...........- 
Adalia : Light ouse_..-..--..----- 


Alaya: “Cape Kiloarda Lighthouse. 
Cape Anamur: Lighthouse.-...--.- 
Mersina: Lighthouse._.........-.- 
Karadash Burnu: Lighthouse. ---- 
Alexandretta: New lighthouse-...- 


yprus: 

Klides I.: Lighthouse. -.-....-.- 

Cape Greco: Lighthouse. ...-- 

Cape Gata: Lighthouse. --...-. 
Ras Ibn Hani: Lighthouse... -.....-. 
Ruad I.: Lighthouse. ..-..........- 
Tripoli: Port Lighthouse.......... 
Ramkine I.: Lighthouse_......... 
Ras Beirut: Lighthouse.-..-....-- 
Beirut: Jetty light..-.-........... 
Saida (Sidon): Lighthouse. ....--- 
Sur (Tyre): Lighthouse_.......... 
Akka (Acre): Lighthouse..—...... 


Mount Carmel: Lighthouse... ___- 
Haifa (Khaifa) Castle: Lighthouse. 
Yafa (Jaffa): Lighthouse. ........- 


Port Said: Main Lighthouse. ..-.- 
Nile River: Damietta Lighthouse. 
Cape Brulos (Brullos): Light- 


house 
Rosetta: Lighthouse. .......-....- 


Alexandria: 
Eunostos Pt. (Ras-el-Tin) 


Marsa Tobruk: Ras Allem-el- 

Mur Light_..........--....... 
Derna: Ras Boasa: Lighthouse-..- 
Marsa Susa: Lighthouse. .......-. 
Tolmetta: Lighthouse._.........2. 
Bengasi: ah eres eee Seatac 
Zulitana (Zuctina): Pig penouse =: - 
ve Misurata: ight Ouse__-2 22. 
Lebida (Khoms): Lighthouse...-. 
Tripoli: New Lighthouse. ....._-. 
Zuara: Lighthouse. .-........-.---- 


Lat. N. | Long. E.||Coast 


OT a 
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*S 85 


oO 
w 
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ot mt 
Sra 


Italy 


Tunisia 


Zarzis: Lighthouse..............-- 
—— Ras Turgeuness Light- 
Ras Tins: : Lighthouse....-----.--- 
Sfax: Quay light.._............... 

Mahedia: i i Jabber Lighthouse. 
Kuriat: Lighthouse 
gore 
Susa (Bouse) Citadel ” ‘Tower: 

Lighthouse. ......-...........--- 


Kelibla Lighthouse_.............- 
Lampedusa I.: © Grecale 
a ou Leese oie Rees ketal 


Cape Bon: Lighthouse_...-.....-. 
Cape Carthage: perenne Coane 
Tunis: Basin light............-.-- 
ipl I. (El Kamelsa): Light- 
one Rocks: Lighthouse. ......--- 
Bizerte: E. jetty light...........-. 
Ras Engela: Lighthouse_-_.....--- 
Cape Serrat: Lighthouse.“ ...__-- 
Galitona I.: Lighthouse........... 
Tabarca }.: Lighthouse it Bite Ges 


La Calle: Lighthouse-_........._.. 
Cape Rosa: Lighthouse......._.-- 
rene Green entrance light, stone 
Oape Garde: L.ighthouse.......--- 
Cape Fer: Lighthouse._.........-- 
Stora: “Ln Ligh eae otbouse ae eee 
Polat al.: L 
t Jerda: I 
Cape Bo : Lighthouse... -- 
Ras Atla: Li blehthouss Ma cetememauie 
Djidjelli: Lighthouse_............- 
Ras Afla: Lighthouse. ............ 
Cape Carbon: (High) Lighthouse. 
Cape Sigh: Lighthause.._......... 
Cape Corbelin: Lighthouse... .-.-.. 
Cape Bengut: Lighthouse__.....-- 
hes: Matifu: Lighthouse. ....._.. 
ers 
Admiralty Peninsula Light- 


Cape Caxine: Lighthouse__..._..- 
Tipaza: Ras el Kalia Lighthouse. . 
Shershel: Joinville I. Lighthouse. - 
Cape Tenez: Lighthouse. ._...___- 
Sed Ivi: ee ouse.....-..---.- 
Pgh N. breakwater 


Arreu Jslet: Lighthouse_........-. 
Abuja Pt.: Lighthouse...-........ 
Oran: N. mole Lighthouse---._.-- 
bee Kebir: Fort Lighthouse... 
Habibas Ei Lighthouse. -.-..-.-. 
ibas I.: Lighthouse. ......__-- 
ashgun I.: Lighthouse...._....-- 
peat Lighthouse Lwscueceeuleas 


mgr tebe I. Isabel Segunda: Light- 
Melilla: Bonete Tower Lighthouse. 
Cape Tres Forcas: Lighthouse. . .-. 
Alboran I.: Lighthouse. _......... 
Velez de la Gomera: Lighthouse. . 

Rio Martin: Lighthouse... ....-. 
Ceuta: Almina: Lighthouse....... 
Malabata Point: Lig 
Tangier: Le Charf Lighthouse... 
Cape Spartel: Lighthouse......... 
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Coast Place Lat. N. |Long. W.||Coast Place 
| iia) Gant Biba a-ak itl ee ey dereor tir 
° , ° , 
16 El Araish (Larache) Punta Nador = Lagos R. Beecroft Pt.: Lighthouse. 
i ViIE oc. xa <mpuemeacaes 35 12 | 6 10 ||%§ | Palm Pt. Cape Formosa: Light- 
M : Lighthouse_.......---- 34 17 6 39 IDEs ici ctinindeciinnencoummodis 
0 dl Rabat: Lighthouse ......_........ 34 02 6a |} 
04 Cape Fed hthouse.______-- 33 43 7 2% Debundga Pt.: Lighthouse... _-_- 
16 Pt el Beida: £1 Hank Light- OS a é Fernando Po: Fernanda Pt 
ES Ere Sree a Oe RUA 5 cpemaniemstanlaitnihioe 
= 1 seg ey, mthouss oi ane 33 15 8 31 : Cape Nachtigal: Lighthouse-_-_-_- 
) . Cape Kan ie Lesienabeition = 4 ; % g Duala: Government flagstaff light. 
crsnhaee Ec aokmeecatontia 
‘. Apadte: | Minaret cca shespetarhoss ais atan 30 25 9 38 33 abs io Principe: Garca Pt. Light- 
UID oc. « nsecnbepeahce dndcbihine ocala 
Sit ™ Lighthouse. ___- 31 30 9 4 || 5 Ei Sao Thome: 
Batter tery fag Lick wetilnacatiednasiin 31 31 9 47 = z Cabras I. Lighthouse---._-_---- 
Cape Sim: Lighthouse----......--- 31 24 9 50 Ft. San Sebastian............- 
Rio de Oro, Arcipres Grande Pt.: Bata, Rio Muni: Lighthouse 
Lighthouse_..--.-.-------------- 23 44 15 57 Mosquito Pt.: Lighthouse... -..--. 
s Cape Blanco: Lighthouse --------- 20 46 17 03 ||-—— 
= Cansado Pt.: Lighthouse -_--------. 20 51 17 02 Gombe Pt.: Lighthouse__------__- 
= Port Etienne: Lighthouse_..._---- 2 55 | 17 03 Libreville: 8. jetty light leceetiacual 
St. Louis: Lighthouse-_-._......-.-- 16 02 16 30 
Cape Verde: DENOUNS. cousedase 14 43 17 31 & | Cape Lopez: Lighthouse---_..---- 
Almas Rock: Lighthouse - - - ---- 14 44 | 17 32 || $ | Port Gentil: Iron tower Light- 
eae et Lighthouse -_-_._--- 14 39 17 27 s DOWNS: 65 cacacavdniacsisatelescns 
§ ar: 8 Lyrewtaherond 1 ae 14 40 17 25 S Sette Cama Light... 5. ceicccccnnns 
Patedas: L ighthouse.........--.- 14 43 | 17 18 Mayumbe: Lighthouse Bea ecnnan 
0, ouse_- 
Bathurst, Gambia: Lighthouse....| 13 27 16 34 eee wares Lighthouse. 
GUND. ccvecets 
Kasamanze River: Jogue Pt. = 
¢ ne eg PRN 7 Sy peal am 7: oe - = was Cate Padeas Lighthouse 
Rerabens: Liésnineett....2.206c.) 19 01-16 4). See eS 
= | Cayot: Highthouse——----_------. 11 50 | 16 23 ||___| §_Mouta Secca Pt. Lighthouse-. 
do] Tamara I ighthouse.-_.....-.--- 9 27 13 650 Foreland Bluff: Lighthouse------- 
Mataknne L: Lighthouse. --.----- 9 16 13 25 pag re geome See Ei cera 
ape osta tee 
Cape Sierra Leone: Lea geal 8 30 13 18 Loanda: Observatory time signal _- 
Freetown: Wharf light......____-- 8 30 13 14 FT ahibeon Pt.: Cape Lombo 
Rete tiuctandatadwen 
# | Monrovia: Cape Mesurado Light- S | Porto Amboim: Old Light_.__--._- 
(2 po eee eee ee 19 | 10 49 g, | Nova Redonda: Lighthouse____-. 
2 Grand Bassa Pt.: Lighthouse---_-- 5 52 10 04 § Lobito Spit: Lighthouse_._.__-.--- 
= | Sinu Bay: Lighthouse__......---- 4 59 9 02 Beoguela: 1 nthouse inddowasapnios 
as OUND uc otecacos 
: Cape Palmas: Lighthouse_........| 4 22 7 44 Elephant Bay, iar Rockg- .------ 
: 3 aaa ae) ee Little Fish Bag: Pier light... 
assandra: ere e a "See 
aE Grand ie rine toes pacha maks 5 08 5 Ol Great Phan ay: Tiger Point 
: = Grand Bassam: hthouse------. 5 12 3 44 PA een Cee 
Assini (Assinie): L tehocee aan at 5 07 3 16 7... Swakopmund: Lighthouse.....__- 
Bary: = 3 bat; one Bay: Pelican 
Fort St. Anthony....-..-.---- 462) 215 || SE ming Phe ge 
= | coe Reetointe tietiioase| 4 | 2 08 |] 3+ | abigePty Rinhthoue. 
a ree Po ese:.at 4 SS | SOS ll et aes tie 
: tne a 443 | 1 57 || _| Shark 1: Lighthouse....---------. 
§ | Sekondi: Fort Orange Lighthouse.| 4 56 1 42 Port Nolloth: Beacon light-----..- 
= | Cape Coast Castle: Lighthouse...| 5 06 | 1 14 || $ | Dassen I.: Lighthouse.......-.... 
$ A : Fort Jamestown -Light- = Robben I.: Lighthouse__.._._..--- 
| a aa ae 32 0 ll zs ae ita Ae ee 
Py Lat. N. | Long. E. || 6 Breakwater light........-.-.-- 
. Cape St. Paul: Lighthouse------- - 5 50 0 58 o Ro ! Observatory (mer 
. Lome, land: Lighthouse... _- 6 08 : a E Slang Ko Rag ramones tesrr- 
» Kotonu, Dahomey: Lighthouse.._| 6 21 2 2 Cape of Good Hope: Lighthouse. 
t 
\ 
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Lat. N. | Long. E 


2B Simons Bay: Roman Rocks | Lat. : ie, E. 
# é RN ecnen cacnne: 18 g | Hood Point: Lighthouse.......... 
# = alk ik Bay: Breakwater Light- East London: 
a ae ABR © "a galleatanscanle dee sae Ae 34 08 | 18 27 Bs Castle Pt. Lighthouse......... 
b Ss ieee ee Lighthouse__.......-- 34 38 | 19 18 Bashee River: Lighthouse... _...- 
4 = “ape Agulhas: Lighthouse...__.-- 34 50 | 20 01 || & | Cape Hermes: Lighthouse... ... 
: Port Shepstone: Lighthouse. _-... 
x Spe St. Blaize: Lighthouse... -.-- 34 (11 22 09 = | 
Green Point: = hthouse.....-.-- 
pote wal: Mole light........-..-_--- 34 11 | 22 09 ¥ Poct Natal 2: 
o =pe 8t. Francis: Lighthouse- ---- 34 13 24 50 . Natal Bluff f Lighthouse sd Oi 
— =pe Recife: Lighthouse-----.-...-- 34 02 25 42 = © DUN MTEL. de nv cu decuess 
= Bort Elizabeth: Lighthouse.___-_- 33 58 | 25 37 Sipe RRL ARES 
= ird Island: Lighthouse. - . ------- 33 50 26 17 = Durnford Pt.: Lighthouse__------- 
“Sreat Fish Pt.: Lighthouse__.---- 33 31 | 27 07 || © | Cape St. Lucia: Lighthouse_...-_- 
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Ooast 


Mozambique 


Place 


ras Marques: Obsy.....-..-- 
Cockburn Lighthouse...........-.- 
Monte Bello: Lighthouse. ._...... 
Zavora Pt.: Lighthouse_.......... 
Burra Pt.: Lighthouse........-.-- 
Santa Carolina I.: Lighthouse. -..- 
Bazaruto L.: Baiada Beh rece aaa 
chulwas (Chiluan) I. 
Macuti Pt.: Lighthouse ....-.--..- 
eenbent River: Timbue i: Light- 
Port Chinde: Lighthouse. .....-.- 
Vilhena: Lighthouse. -_........-... 
Ponta Matirre: Lighthouse... ..-. 
Caldeira Pt.: Lighthouse Bote meets 
Mafamede I.: Lighthouse. .-.-.-..-.- 
maton’ River: Sangage Light- 
Infusse: Lighthouse.............-.. 
Mozambique: 

Tower of Sao Paulo...-....-... 
Memba Bay: oe Lighthouse. 
Maunhane Pt.: Lighthouse. .-.-..- 
Porto alle Ponta Romero: 


: Lighthouse. .--.....-.-..-.. 
Cape Delgado: Lighthouse......-- 


a a River: Ras Ekapapa: Light- 
bake L: Lighthouse.....--..-- 

Ras Mkumbi: Light- 
Ras soe i: : Lighthouse... ..------- 
Dar es Salaam: Lighthouse........ 


Shab Shakhs: L 
Ummes, Sahirig I.: Lighthouse... 
Shumma I.: Lighthouse........... 
Madote I.: Lighthouse-.....-...... 
Massaua: Governor’s Palace... .-- 
Sheikh ul Abu: Lighthouse-....-. 
Difnein I.; Lighthouse............ 
Taclai: Lighthouse..............-. 
Port Sudan: White Tomb. .-...-.. 
Sanganeb Reef: Lighthouse_.-....- 
Daedalus Shoal: Lighthouse... ... 
Shadwan I.: Lighthouse.........-. 
Asbrafi Reef: Lighthouse. -_......- 
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S358 S8h &S BSHSEN TF BSSSSTES 


88a S35 


Zanzibar 


Kenya | 


Italian Somali- 
land 


Gulf ofAden | | 


Place 


Bagamoyo: French Mission.....-. 
Zanzibar I.: 

Chumbe: Lighthouse. .....-.. 
Pungume I.: Lighthouse._-.-. 
eae neta viene 


US@..... 


$6 ooo oie de hoc eee ees 


hou 
Ulenge L: Lighthouse..........--. 
P .: Ras Kegomacha: Light- 


Mombasa: Ras Serani: Light- 

NOUS. so ok cep chee cca ee tes cease 
Malindi: Lighthouse.............- 
Lamu: Ligithouse................ 


Giumbo: Radio mast...........-. 


see ease sewtawanecen 


Cingani: Lighthouse. .._.........- 
Mogdishu: Lighthouse............ 
Ras Hafun: Lighthouse........... 
Francesco Crispi (Cape Guarda- 

ful); Lighthouse_.......-...2... 


Sokotra I.: Tamarida mosque. .--. 


Bandar Alulu: Lighthouse..-...-.- 
Berbera: Lighthouse.............. 
Zeila: eae Oicoameeten ceee ones 
Masha : Scorpion Pt.: Light- 


NOUSO 9. Je sincen oes beeceeeucussa se 


Jibuti:. Ayabela Lighthouse. ....-- 
Ras al Bir: Lighthouse............ 


ceeveremmeeereencmmeeoens fener ff |] erecemcrtaccce ces 9) eee eee RS ES | em GSS SSIES 


04 
13 


bas 
08 


fot 
i) 


NYS SS RBssez 


SB 


THE RED SEA 


Sy 
3 
oc) 
a) 


41 
40 
40 
39 
39 
39 
39 
38 
37 
37 
35 
34 
33 


2ReSSSsVassyg 


Ras Gharib: Lighthouse 

Zafarana: L 

Suez: Port Ibrahim south mole 
head: ine deren 

Tor: Ruins (fort) 

Brothers N. Island: Lighthouse... 

Jebel Teir I.: Lighthouse 

Zebavir I.: Center Peak I.: Light- 


house 
Abu Ai Ail I.: Lighthouse 
Mokha: Lighthouse 
Perim I.: High light 


ISLANDS OF THE INDIAN OCEAN 


Laccadive Islands: Minikol I.: 
Lighthouse........-......-.---.- 


Seychelles Islands: 
Dennis I.: Lighthouse. .....-. 
Mamelle: Lighthouse_-..-.... 
Mahe L.: Victoria: Lighthouse. 
Mauritius: 
Flat L.: Lighthouse __._..._-. 
Port Louis: Royal Alfred Obs. 
BUA SE: Grand Port: Light- 
Caves Point: Lighthouse... .. 
Reunion I.: 
Pointe des Galets: Lighthouse. 
St. Paul light..........22.202. 
8t. Denis: Lighthouse..._..__-. 
Bel-Air: Lighthouse.....-..... 
St. Pierre light....-...-...-.-. 


Antsirana: Lighthouse........ 2... 
Diego Suarez Bay: 
Nosi Langor: Lighthouse... .. 
Cape Mine: Lighthouse... ... 
Cape East: Lighthouse__.......-. 
8t. Mary I.: 
Halbrand Pt.: Lighthouse. - 
Port St. Mary: Lighthouse... 
Tle aux Nattes: Lighthouse.-.. 


ey Sa Sear 


@ 83588 


Madagascar 


Tamatave: 

Tanio Pt.: Lighthouse teens 
Hastie Pt.: Lighthouse.._....- 
Mananijara: Li hthouse........... 
Itaperina Pt.: Lighthouse........- 
Fort Dauphin: Lighthouse.......- 
Tullear Road: Jetty light naeedewse 

Bombetako Bay: 
Katsepe Cliffs: Lighthouse... 
Majunga (Mojonga): Light- 
NOUSO ies atcceaie hehe 
Anorombato Pt.: Lighthouse. 
Analalava: Lighthouse OEE 
Nosi Lava: Lighthouse_..........- 
Nosi Iranja: Liehthouse...-.._.--. 
Tani Keli: Lighthouse. _.......-.. 
Nosi Vorona: Lighthouse........- 
Hell-Ville: Jetty light....... 2.2... 


Woody I. (Nosi Anambo): Light- 
Johanna I.: Lighthouse. _..... 
Suadzu I.: Lighthouse.......-. 

Kersuclen I.: Murray I.: Light- 

Cocos (Keeling) I.: Lighthouse... 
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Coas Place Lat. N. | Long. E. || Coast Place Lat. N. | Long. E 
9° 3 eo o ° c ° o 
ser Oyster Rock: Lighthouse...._._.- 4 49 74 03 
ph station...........-- 12 47 44 59 Sadashivgad: Port Karwar Light.| 14 48 74 07 
in Jarbein clock tower...| 12 47 44 69 Kumpta Point: Lighthouse. .--.... 14 25 74 22 
petty he de Lighthouse...... 12 46 45 03 Honawar: Monumient..........-.- 14 17 74 27 
Makatein: Black ruin...........-- 13 25 46 27 Bhatkal: Fort light.............-- 13 58 74 31 
& | Makallsa: Lighthouse.............- 14 31 | 49 07 Kundapur: Lighthouse. .._....... 13 38 | 74 40 
Maskat Cove: British Consulate Mulpi (Malpe): Lighthouse.__.._- 13 20 74 41 
Light). cosueceowetecvescoscanuas 23 «37 68 36 Cahp Rocks: Lighthouse_..._..... 13 13 74 44 
Suwaik: Fort.........---.-------- 23 «51 57 26 Mangalore: Lighthouse........--. 12 62 44 8O 
Sohar: 8. E. tower (town hall)_..| 24 22 56 46 Tellicherri: Lighthouse. .....__.-- 45 75 2 
Doha (Al Bida) Ras Nessa Fort)..| 25 17 61 33 padelue (Cotta Point): Light- 
Bahrein: Portuguese Fort......--. 26 14 | 50 31 || & | house..........-..--.-. se nee 23 | 75 39 
Ras Tanurah: Beacon........---- 26 37 5 10 g one: Lighthouse....---...-..-- 1l 15 75 47 
Kuweit Harbor: Ras al Ardb Cochin: Lighthouse..._......-..-- 9 58 75 16 
Beacon................-..----.-- 29 21 48 06 Alleppi: Lighthouse...._......--.- 30 76 19 
eon: Tangacherri Pt. Light- 
Shatt Al Arab: Tidal semaphore..| 29 50 48 43 WOUSO sxc o8 odo Pe ney 8 83 7% 34 
Fao: Flagstaff..............----.-- 29 58 48 20 Trivandrum: Observatory .-..-..- 8 31 76 57 
Ganaveh Light._...........--..--- 29 3&4 50 31 Muttum Point: Lighthouse. -....-. 8 07 77 #18 
Abu Shahr (Bushire): Residence Cape Comorin: Flagstaff light....| 8 05 77 33 
po Pagstatl ool ese ek cee eas 28 59 50 50 Mana a ety Pt.: Lighthouse. -_..--- 8 22 78 08 
Basidu: Chapel. .......-.---..---- 26 39 55 17 Tiruchendore: Pagoda on point...| 8 W 78 08 
Jezirat Tanb J.: Lighthouse...---- 26 16 65 19 Tuticorin: 
Henjam: . Pier light....................-- 8 48 78 09 
peeerenh ioe sBepeeewosie 26 41 55 54 Hare I.: Lighthouse..........- 8 47 78 11 
ashia: Lighthouse...| 26 42 55 53 Pamban: Lighthouse. -...........- 9 17 79 13 
P| Sa Ee an oaie| oon | ee 
Bandar Abbas: Brit onsulate. 
Little uoin I.: Lighthouse...-..- 26 28 56 33 Sesto Lighthouse-....-....--- 9 06 | 79 42 
as thouse. ........-.----- 
Charbar eChahbar) Telegraph Clock Tower Lighthouse... .. 6 86 79 51 
Bldg.: Lighthouse. ........-.--. 25 16 | 60 37 Hite Le Bone oe 
: Gwadar: Telegraph Office._....--- 25 07 | 62 20 Galle: Lignth OUSG fos kee dacs. 6 01 { 90 13 
re Pasni: Telegraph Office._.....-.-- 25 16 | 63 20 Dondra Head: Lighthouse. ..--... 6 55 | 80 36 
| Ormar: Telegraph Office.....----- 25 12 | 64 37 q | Hambantota: Lighthouse. _....-. 6 07 | 81 08 
% | Sunmiani: Jams house. ........--- 25 25 | 66 36 Great Basses Rocks: Lighthouse..| 6 11 | 81 29 
i Ras Muari (Cape Monze): Light- = Little Basses Rocks: Lighthouse..| 6 25 | 81 44 
NOUS. co sseecssssesscaseueccte<< 2% 50 | 66 40 & | Batticaloa: Lighthouse. Peetenteenae 7 45 | 81 4) 
. Foul Point: Lighthouse... -...--.-- 8 32 81 19 
ae Lighth 24 48 66 59 Trincomali: Round I. Lighthouse 8 31 81 14 
concatenate cand WCTiR7 ] rae Mulctiva: Lighthouse.........-.. 9 16 | 80 48 
Time ball signal....---------_- % 49 | 66 58 Pedro Pt.: Lighthouse............ 9 49 | 80 15 
Mandvi: Fort Lighthouse......-.- 22 80 69 20 Kankesantural: Lighthouse. .__.-- 9 49 80 03 
Navinar Point: Lighthouse. - ...-- 22 44 69 42 Kovilam: Lighthouse.........-..- 9 46 79 «52 
Pee Lighthouse. ...........--.- 2 _ A te 
tan 1_.------......------------ Tondi: Lighthouse... ......------- 45 | 79 00 
Beit Harbor: Lighthouse... ...--- 22 20 | 69 06 a ohae. hthouse............- 10 18 | 70 51 
Dwarka Point: 1 7 Negapatam: Lighthouse. ........- 10 46 | 79 61 
Lighthouse........-....------- 22 14 | 68 - Karikal: Lighthouse. .......------ 10 55 | 70 51 
Templo spire.....------------- 22 14 | 68 5 Cuddalore: Lighthouse.........--- 11 43 | 79 47 
Navibandar: Lighthouse..2---.--. 21 27 | 60 47 Lane eerag Rerors Hea eee 
- LIgntnhouse.....-.--- -| 12. ll 
Mangrol: Lighthouse. ..-.--.----- 21 06 | 70 07 Mah eball pun Fagode, ago Noue 
eraval, thouse._..----.----- Main Lighthouse.............. 13 05 80 17 
Diu Head: Lighthouse..........-- 20 41 70 «50 rca ae es Sak ete bead Stee 13 04 80 15 
Diu: Forte do Mar Lighthouse....}| 20 43 71 00 Time ball tower........---...- 13 06 80 18 
Jafarabad: Lighthouse... -...-.-.--- 20 61 | 71 22 Pulicat: Lighthouse ._..-...------ 13 25 | 80 20 
Kutpur: Lighthouse. ......------- 21 02 | 71 49 Armagon (Armeghon): Lighthouse| 13 53 | 80 12 
Goapnath: Lighthouse-.-...------ 21 12 | 72 06 Masulipatam: Lighthouse........| 16 10 | 81 11 
Piram I.: Lighthouse. -...--.----- 21 36 | 72 2i Sacramento: Lighthouse. ........- 16 35 | 82 17 
a Tapti: Lighthouse. ....-.--------- 21:05 | 72 37 Cocanada River: Lighthouse... -- 16 47 | 82 16 
§ | Surat: Minaret Adrusah...-.--... 21 12 | 72 49 Vakalapudi: Lighthouse. .....---- 17 01 | 82 17 
Daman: Fort light..........---.-- 20 24 | 72 49 || 3 | Vicagapatam: Lighthouse......... 17 41 | 8 18 
Arnala: Lighthouse. ......--.----- 19 27 | 72 44 § | Bimlipatam: Lighthouse.......-.. 17 53 | 83 27 
Bassein: Dongri Lighthouse......- 19 18 | 72 48 Santapilli: Lighthouse.........--. 18 04 | 83 38 
Bombay: Kalingapatam: Lighthouse....-.-- 18 19 84 08 
Prongs Roef Lighthouse... ...- 18 83 | 72 48 Baruva: Lighthouse_...........--- 18 53 | 84 36 
Colaba Observatory (Transit Gopalphur: Lighthouse........-.- 19 15 | 84 55 
i Ligh eel mg] | pu 
Kundari I.: Lighthouse......- 4 Lighthouse..............---.-- 19 48 85 50 
Rajpuri Point: Lighthouse.......- 18 17 72 «(56 Great templo........----.----- 19 48 85 49 
Bankot: Fort Victoria..........--] 17 58 73 03 False Pt.: Lighthouse.........---- 20 20 86 44 
Hernai (Herni): Lighthouse. .....- 17 48 | 73 06 Shortt I.: Lighthouse......-------- 20 47 | 87 04 
Port Dabhol: Lighthouse. -.-...-- 17 34 | 73 09 Hugli River: Sagar 1. Lighthouse.| 21 40 | 88 03 
Jaigarh: Lighthouse___......------ 17 18 | 73 il Caleut = 
Ratnagiri: Lighthouse. .......-..- 16 59 | 73 16 Ft. william time ball_...._--- 22 33 | 88 2 
Rajapur: Lighthouse-.......---.-- 16 36 73 19 Comuesionet's Office time 
Viziadrug: Fort Flagstaff ......--- 16 33 73° «20 HO sodew us ese rors. 34 88 3 
Deogarh: Lighthouse. _..-...-...- 16 23 | 73 22 Kutabdia: Lighthouse. .-.....-.-- 21 62 } 91 
oe Oe eee ceeds 3 i it rH ee 
engurla thouse............. 
Aguad a Fort. Saniaweseicescuasacees 15 29 | 73 46 Oyster I.: Lighthouse._...--...--- 20 12 | 92 33 
ape 8t. Denis Church....-.....-.- 15 21 73 (54 Savage I.: Lighthouse. -_...-.-.-.- 2 05 92 54 
Chiquilim Point: Beacon I.: Lighthouse. -.-.....--- 18 56 93 27 
Ph Lighthouse os Ste atieeaidetus waltnes 18 25 73 8&8 : 
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Coast Place Lat. N. | Long. E.||Coast Place Lat. N 
oe a ° a ° ? 
Bassein River: 3 Pedra Branca: Lighthouse.......- 1 19 
Alguada Lighthouse........... 15 42 04 12 G Rhio Strait: 
Diamond I. Lighthouse-....-... 15 652 04 #17 © Pan Reef Lighthouse.........- 1 10 
Andaman I.; Pulo Sau Lighthouse..-._.-.. 1 @ 
Table I. Lighthouse........... 14 11 98 22 Terkolei Lighthouse._.._....-- 0 87 
Port Blair Main Lighthouse..| 11 41 v2 45 3s Little Karas I.: Lighthouse. ...... 0 4 
Rangoon River: Elephant Pt. a Kentar I.: Lighthouse............- 0 02 
Lighthouse..............--.----- 16 29 9 2 
Rangoon: Lat. 8. 
reat Deon peeods Boas! 16 48 96 09 Lingsa I.: Lighthouse.............. 0 18 
Moulmein River: Green I. Light- b= Muchi I.: Lighthouse............- 0 32 
HOUSE 6 ost 2 cena ctweculceccuese 16 04 97 33 Berhala J.: Lighthouse............ 0 6&2 
Double I.: Lighthouse. ..........- 15 52 97 35 I|-—— 
Tavoy River: Reef I. Lighthouse -_| 13 37 98 13 Lat. N 
Mergut Pulo Bras: Lighthouse._.........- 5 45 
SROODB 0. cae asadaceudeteses 12 26 | 98 36 Pulo Weh: Lighthouse...........- 5 53 
Lighthouse...__....-......_.-- 12 29 98 35 Pulo Buru: Lighthouse........... 41 
Pakchan River: Spiteful Rock....| 9 52 98 27 Jambu Ayer (Diamond Point): 
Pak Kruen: Lighthouse..._._...-- 9 Ol 98 19 Lighthouse.........-.-...--.-..- 17 
Roesa I.: Lighthouse...........-.- 6 17 
Puket: Lighthouse_-_............-- 7 8 98 26 Edi: Lighthouse. ........-......-- 4 87 
Krachome Fai I.: Lighthouse...... 7 05 99 24 Sembilan I.: Lighthouse. ......... 4 08 
Kedah River: Lighthouse........- 6 06 | 100 17 Diemoer (Jemur) I.: Lighthouse..| 2 53 
Pulo Tikus: Lighthouse ae eee & 20 | 100 18 Brothers (Hijau Kechil): Light- 
Pulo Penang: NOUSGs 222.2 ois a eects elo 11 
Muka Head Lighthouse_....-- 5 2 | 100 ll Durian Strait: 
Fort Point Lighthouse._..._-. 56 25 | 100 22 N. Brother I. Lighthouse_.---. 0 37 
# Rimau I. Lighthouse........-- & 14 | 100 17 8. Brother I. Lighthouse. ...-. 0 33 
Tanjong Hantu: Lighthouse. ..... 4 19 | 100 34 § 
Pangkor: Hospital Rock Light- Banka I.: Lat. 8. 
DOUSO ice ions seks sca sec eecs ot 4 13 | 100 34 Pulo Dapur Lighthouse... .--. 8 08 
Pulo K: Katak: Lighthouse.......... 4 00 | 100 37 Pulo Besar ae thouse._.....- 2 83 
3 Kuala Perak: Denison Lighthouse.| 4 05 | 100 45 w W. Nangka Lighthouse_ ..-.-- 2 2B 
White Rock: Lighthouse.........- 4 00 | 100 30 Tanjong Kelian Lighthouse. . 2 05 
Bagan Datch: Li Eighthouss. 3 59 | 100 46 Tanong.U lar Lighthouse- - - -- 1 58 
Selangor River: Lighthouse. ._-.-... 3 2 |; 101 15 Klabat Bay Lighthouse._._... 1 31 
Pulo Angsa: Lighthouse. _....._.- 3 ll 101 13 Pulo Lepar: Lighthouse........... 2 87 
One Fathom Benk: Lighthouse...| 2 53 | 101 0O Shoalwater I.: Lighthouse........-. 3 19 
& | Port Dickson: Lighthouse Saudaleee: 2 31 | 101 48 Pulo Mendanau: Lighthouse. ___.- 2 53 
Cape Rachado: Lighthbouse-.....- 2 2/101 51 Billiton I.: LangkausI. Lighthouse.| 2 83 
Malakka: St. Paul Hill Light- Discovery E. Bank: Lighthouse...| 3 35 
NOUS@ ooo nee se eee 2 12 1102 18 Telok Betong: Lighthouse. -_...... 28 
@ | Pulo Undan: Lighthouse.......__. 2 03 | 102 2 Flat Cape ( ke Hoek): Light- 
Pisang I.: Lighthouse._._......... 1 27 | 103 15 NOUSO hoc bc Sale cet wecccass 56 
Sultan Shoal: Lighthouse........- 1 14 | 103 39 Kru: PL tphthouss haste ote § il 
Raffles I.: Lighthouse...__...._..- 1 10 | 103 45 Pulo Pisang: Lighthouse_.._....-- 5 07 
E. 8t. sonets Lighthouse.-......- 1 13 | 101 651 Bandar Pt.: Lighthouse._....._._- 4 49 
Singapo Mana River: Lightbouse..........| 4 20 
Fort Canning Lighthouse. ..-. 1 18 | 103 51 
SOUTHEAST COAST OF ASIA 
Lat. 8. | Long. E. Lat. 8. 
Benkulen: Pulo Tikus Lighthouse.| 3 51 | 102 il Ban (front): Lighthouse. -_.. 8 03 
Katang Ka I.: Lighthouse... .. 1 8&3 | 100 & Duiven (Tabuan) I.: Lighthouse..| 8 02 
Pulo Niamuk: Lighthouse. ._...._- 1 16 | 100 18 Meinderts (Karang Mas): Light- 
Ujung Sungei Bramei: Lighthouse_| 1 02 | 100 22 HOUS@ coos ects eee ee cued 40 
Pulo Pisang: Lighthouse.......... 1 00 | 100 20 Sapudi: aiehtiouse Sr Do gies estes 7 065 
Pulo Pandang: Lighthouse_....._- 0 &7 | 100 6 Panarukan: Lighthouse_.......... 7 41 
Pulo Karsik: Lighthouse..._...... 0 36 | 100 04 Probolingo ore e): Lighthouse._._. 7 4 
Pulo Bojo: Lighthouse............ 0 39 98 31 Pasuruan: Lighthouse_........... 37 
Sigata: Lighthouse..............-- 0 0 98 12 eae (Zwaanties) Reef: Light- a 
Lat. N. | Long. E. Surabaya: Wilhelmina Tower... 7 #12 
wm | PangkalI.: Lighthouse...........-. 0 08 99 17 a Sembilangan: Lighthouse.......--. 7 04 
Pulo Jenene. Lighthouse. _._. 22. 0 22 99 05 a Juana: Lighthouse__....--22..22.. 6 42 
Pulo Labu: Lighthouse.._........ 0 51 08 56 = Mandalike I.: Lighthouse_..._.... 6 ZB 
Hinako (Naku) I.: Lighthouse. .... 0 51 07 20 Semarang: Lighthouse__._.....--- 6 57 
Gunong 8itoli: Pt. Mbaa Light- Pekalongan: Lighthouse........_- 6 51 
HOUS6 een eek eect 1 18 97 36 Tegal: Lighthouse_..............- 6 51 
Tapa Tuan: Lighthouse........_-. 8 18 97 iil Cheribon: Lighthouse............- 6 4 
Simalur I.: Lighthouse.........-.- 2 30 06 24 Boompjes I.: Lighthouse.......... 5 56 
Kerang (Kareung) Pt.: Lighthouse.| 4 08 96 07 panjons Priok E. mole light_.....-. 6 05 
atavia: 
. Lat. S. | Long. E. W. pier light.......-.2....-... 06 
First Pt.: Lighthouse............. 6 45 | 105 13 Meteorological Obs. (Bam- 
Chilachap: Lighthouse-_........... 7 47 =| 100 02 berg transit inst.)_........... ll 
@ | Balambangan: Lighthouse.....-.. 8 46 | 114 31 Edam I.: Lighthouse.........--.-- 5 87 
s Banjuwangi: Lighthouse._.......-. 8 12 | 114 B Etna Bank: Lightbouse........... 5 18 
Balil.: Buleleng Lighthouse... __.. 8 06 | 115 05 


BSIESERKASEES 
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Coast, 


Java 


East India Is. 


Borneo 


Place 


North Watcher (Noord Wachter): 


he be! I.: Lighthouse..........-- 
Light OUS®.........------ 
PoppeceT Lighthouse..........-- 
Fourth Point: Lighthouse. -.......- 


bowen I.: Sangkapura Light- 
Lombok: : Ampenam Lighthouse... 
Postillon I.; Banawaja: Light- 


Maria Reigersbergen: Lighthouse. 
Zandbuis Bank: Lighth 
Sumbawa: Kelapa I.: Lighthouse. - 
ate I.: Laboean Badjo: Pier 
Sawal. Kali Menia: Lighthouse. - 

Seba: Lighthouse._.._..........-.. 
RottiI. Baa: Lighthouse..........- 
Semao I. Tanjong Kurong: Light- 


Timor I.: 


LiranI.: Lighthouse._........---- 
Sermatta I. aety Miarang (Bris- 

bane) I.: Lighthouse............- 
Buru I. Leksoela: Lighthouse.....- 
Suangi I.: Lighthouse_-__.........- 
Amboina I.: Lighthouse.........- 


Saleier: Pasi Tanette Lighthouse. .- 
De Bril Bank (Taka Rewataya): 

Lighthouse. ....................- 
Dewakang Besar I.: Lighthouse. -. 
suey Dayang Daysangan: Light- 
Makassar (Mariso): Lighthouse- - . 
noe Lae Soto heap 

apo thouse_._...... 
Cape Ma nda ar: Lighthouse. __....- 
Cape William: Lighthouse..-_...-. 
Palos Bay: Karang Pt.: Lighthouse. 
Wailea Strait: Lighthouse. .......- 
Wangi Wangl: Lighthouse........ 


North Watcher: Lighthouse_._.-.-. 
Stroomen Kaap: Lighthouse......- 
Bulolio Reef: Lighthouse. ......-- 
Hulawa I.: Lighthouse_........... 
Menado: Lighthouse.............- 
Tanjong Aros: Lighthouse....-.-- 
Pondan eae I.: Lighthouse........--- 
Gorontalo: Lighthouse. ..........- 


Taganak I.: Lighthouse........... 
Sandakan: ‘Fort Pry | ae 
Tanjong Unsang: Lighthouse ee cae 
Batu Tinagat: ighthouse i haseerae 
La irc: engachu Pt.: Light- 
ouse 
Muaras Reef: Lighthouse-_........ 
Mangkalihat: Lighthouse..._....-. 


Aru Bank: Lighthouse...._...._-- 
Balabalagan I. Ambo: Lighthouse. 
Kota Baru: Lighthouse.........-. 
Stagen: Pier light..............22- 
Anak Suangi: Lighthouse...._-... 
Petang Point: Lighthouse_......-- 
Sambergelap I. Boeton Boetona: 

Lighthouse.............--...--.- 
Dwaalder I.: Lighthouse_.......-. 
Kunwit I: Lighthouse Lnnatosoueee 
Cape Selatan: Lighthouse_.._...-. 
Serutu I.: Lighthouse............- 


St. Plerre I.: Lighthouse 
8. eune I.: Subi Kechil Light- 


SQ oo Soe ecu eee cs eee tt ceces 
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. MARITIME POSITIONS 
SOUTHEAST COAST OF ASIA—Continued 
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Philippine Islands 


Kuraiman L.: Lebitbuce ceeeaeeals 
Pappen L: Lighthouse Soar ea ate eee 
Labuan I.: Ramsay Point Beacon. 
Jesselton: Clock tower.—.........- 


Peles T 
Melville: Lighthouse... . 
Be abac Lighthouse_........_. 
eT Lighthouse........... 
Palawan 
Sir Braks Pt. Lighthouse... - 
Port Princesa Lighthouse. ..-. 
Tubbataha Reef: Lighthouse---.. 
Saluag I.: Lighthouse.-......._... 
sg Lighthouse. .......-..... 
Bank: Lighthouse. ........- 
N. Ubian I.: oe nro Sige ewcess 
Jolo: Pier light....-.-----..2-2-2-- 
Tatalan I.: Lighthouse._......._-. 
Mataja I.: Lighthouse..........-- 
Sibago I.: Lighthouse............- 
Malamaui L: Lighthouse. ......-- 
Zamboanga: "Mo e light ete ate ts 
Little Santa Cruz I.: Lighthouse... 
Port beasts Lighthouse on aren 
Parang: iv hthouse__...--....22.- 
Tinsca Fi oe Leen eter 
es t. ig (0) 0: 
 Listihease 
Seat ruz: Lighthouse__...._..-- 
Davao: Lighthouse_.___.........- 
Cape San Agustin: Lighthouse... 
Mati: Lighthouse. ......-...-..-.- 
Arangasa I.: Lighthouse_..._..--- 
Cauit Pt.: Lighthouse Seeker 
Bocas Grande I. Dahakit Pt.: 


Rasa I.: Light.....2.2-.22-2 22. 
Surigao: Light....-.....-..._2-.-- 
Agusan River: Light.............. 
pesiplt: WignGs.< ot ccscuc cece ss axe 
ayan: Lighthouse. -.._......-- 
bugan: Lighthouse......... 

Pa Point: yee BEC casans 
Tagolo Pt.: L 


Port Canoan: 
Balicasag: L 
Amblan Pt.: 
Pescador I.: Lig ose he ca canle eek 
Dumanjug: Lighthouse. .........- 
Balamban: Light__.-...........-- 
Refugio I.: Lighthouse_......_..-. 
San arlos wharf light Se 5s 
Malapascua I.: ea) thouse.......- 
Tanguingul Islet: Lighthouse. --_- 
a eae te aa Lighthouse. .....- 
Bogo: L ah rewetieveuwue te stee usa 
Bagacay Pt.: Lighthouse._._._...- 
Cebu: 8an Nicholas Church: 
Lighthouse ewe Degie odie me ae eee 
see tenst I. Lauis Ledge: Light- 
OUSC? ooo teu ectntuwaluedeevc oud 
Palompon: Light......-........-. 
Ormoc: Light 
Canigao J.: Lighthouse. _.....-..- 
Panaon I. Liloan: Lighthouse... -- 
Maasin: Light... ..--..2-.-2 ee. 
Malitbog: Light......--2.-22 222. 
Mariquitda ae Light_.......- 
Jinamoc L: 
Tacloban: 


Suluan L.: Lig 
Divinuhbo I.: ighthouse....._.... 
Borongan: Ligh Gictede ceaag ona t 
Batag I.: Lighthouse.............. 
San ernardino I.: Lighthouse... - 
Capul L.: Lighthouse Beye aaa eae 
Calantas Rock: Lighthouse....... 
Calbayog: Lighthouse_............ 
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SOUTHEAST 
Coast Place Lat. N 
°e id 
Catbalogan: Lighthouse........... 11 47 
Matabao I.: Lighthouse........... 12 19 
San Jacinto: Lighthouse. ......... 12 34 
San Miguel: Lighthouse.......... 12 43 
Masbate Harbor: Fen parang J idee 12 B 

Port Barrera: Col o Pt.: Light- 

ROUSE. bok e ce eos ce eee weed 12 33 
Bugui I Pt.: Lighthouse. ........... 12 36 
Jintotolo L.: Lighthouse........--- 1l 60 
Port Batan: Floripon Pt.: Light- 

NOUSSs.22 sececbec etches cece 11 37 
Capiz E Harbor: Lighthouse. ......- ll 37 
Manigonigo 1.: Lighthouse........ ll 36 
N. Gigante L.: Lighthouse. ....... 11 39 
aa ian I.: Lighthouse Suttle 11 12 

abaras L.: Lighthouse.........- 11 05 

Or eiete Pecados Lighthouse... .. 10 46 

N. jetty ie Bisbee etal tecusreats 10 42 
Guimaras I.: Lighthouse........-- 10 2 
Nogas I.: Lighthouse. ..........--- 10 25 
San Jose, Antique: Tubigan Pt. 

Lighthouse.............--------- 10 44 
re oI.: Lighthouse. ...........-. 10 51 

on I: Lighthouse............- 11 54 
res Reef: Lighthouse.......-.---- 12 40 
Ambulon I.: Lighthouse. ......... 12 13 

Maniguin I.: Lighthouse......-..- ll 36 
Romblon: ‘Agbatan Pt. Reef 

Lighthouse_.......-....-...----- 12 35 
Sabang Pt.: Lighthouse........... 12 36 
Cobrador I1.: Lighthouse. -.-.-..-... 13 40 
Boac: Light. Poche sensueeuaeetegen ce 13 2 
Balanacan: Light.....-.--..-..--- 13 32 
Santa Cruz: Light....-.....-..... 13 30 
Calapan: Light.............-.--.. 13 2 
Pert Galera Light................ 13 30 
Escarceo Pt.: Light_..-..........- 13 81 

@ | Cabral: Light......-..2..2.02..- 13 83 
Fortune I.: Light.....-.......22-. 14 03 
a Santiago: Lighthouse... .--. 13 46 
ayan: Light..........--2..22-- 13 56 
© | Lemery (Taal): Light...........-- 13 83 
4 Batangas: Light_...........-.--.- 13 46 
a | Malabrigo Pt: Lighthouse. -.....- 13 36 
Lucena: Lighthouse etieie Be dnt aue 13 54 
F Donsol: Light..-..........2.-22... 12 54 
Sorsogon: Light.......-...--..--.. 12 50 
Bagatao I.: Lighthouse............] 12 50 
Bulan: Light.......2--22---22 228. 12 40 
Gubat: Light_._.....-2222 22-2... 12 56 
wees i: ee atnouse osetia sue 13 10 
Fy 0 a in Ec 3 14 
Uneay Pe P Pichinoass Sioa ke 13 11 
Malinao: Light Sick Gh SAD St Reh 13 24 
Sabang: Light......---.......-..- 13 43 
Virac: Light...--..2..-----2.222-- 13 35 
Sialat Point: Lighthouse.......... 13 40 
Ocata: Lighthouse-_...........-.-- 13 59 
Canimo: Lighthouse. -.-..........-- 14 08 
Tailon J.: Lighthouse.........._-.- 14 25 
Silangan Pass: Lighthouse........ 14 00 
Baliscan 1.: Lighthouse.-......... 14 15 
Polillo: Front Light.............. 14 44 
Cape Engano: Lighthouse. ......- 18 35 
San Vicente: Light.....-.......-.- 18 31 
Linao: Lighthouse.........--.---- 18 2 
Pata Pt.: Lighthouse_..-.-...-... 18 37 
Cape Bojeador: Lighthouse....... 18 31 
Currimao: Lighthouse. .......-.-. 18 Ol 
Salomague: Lighthouse. ........-. 17 46 
Pandan: Lighthouse......-.-..--- 17 32 
Candon Pt.: Lighthouse. ......... 17 12 
Tagudin: Lighthouse. ...--...-.2. 16 57 
San Fernando: Front light_....22- 16 37 
San Fernando Pt.: Lighthouse._..| 16 37 
Dagupan: Pt. Guecet Lighthouse.| 16 04 
Bolinao: Lighthouse.............. 16 2 
Cape Bolinao: Piedra Pt.: Light- 

OUSO were dei te ha 16 19 
Hermana Mayor I.: Lighthouse...j} 15 48 
Palauig Pt.: Lighthouse..........- 15 26 
Caponec I.: Lighthouse. .......... 14 55 
Subic Bay: Sueste Pt.: Lighthouse.| 14 45 
ay alge Caiman Shoal Light- 

NGtis@n csc seein eeeeweeeds 14 49 
Mariveles: Lighthouse. ..........- 14 26 


ol 


& 
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Ba =SFo5 


Indo-China 


China 


Place Lat. N. 
°e a 
pone ae Lighthouse............. 14 B 
idor L.: Lighthouse. ........ 14 B 
ore ol.: Lighthouse Sean slale eles 14 22 
San N icolas Shoal: Lighthouse....| 14 26 
Sangley Pt.: Lighthouse. ......... 14 30 
Cavite: Time signal (water tower).| 14 29 
Manila: 
W. preakwater Lighthouse....| 14 3% 
Cathedral.....-...2.22.--2.2.. 14 36 
Time bell (Observatory) ....-.. 14 35 
Mersing: Lighthouse._............ 2277 
Anambs I.: Mangkai I. Light- 

NOUSO@ so eeinccsehclsc cere seeses 3 05 
Pahang R.: Lighthouse........... 3 33 
Kusntan R. N. entrance: Light...| 3 60 
Sungi Kumama: Lighthouse......[| 4 18 
Tringano: Fort Lighthouse-_..... § 2 
Kwala Kelantan: Lighthouse. .... 6 13 
Tj. Patani: oe Seepne aor ies 6 87 
Singora: Pagoda Hill 7 anata 7 12 
Lem Polam Pook Light..........- 8 % 
Koh Prap Li nthouss.- edie ememuccts 9 16 
Koh Wan ai: Lighthouse. _..-.- 9 19 
Langsuen Riv. 8. entrance Light- 

NOUS0s2 cece ooceus een cesect seo sce 9 56 
Koh Rang-Pratad Light.......... 10 07 
Meta buy Lighthouse -........-- 10 27 
sg ir 

‘ide signal station..........-. 13 28 
Wat Cheng............-..---. 13 46 
Asadang Prapakar: Lighthouse...| 18 11 
Koh Phra: Lighthouse............ 12 38 
Koh Chuen: Lighthouse.......... 12 31 
Koh Samet: Lighthouse. .._......- 12 35 
Prasa River: Entrance Light..-._- 12 42 
Lem Bee Betiscuebee eevee 12 2 
Koh Chik Lighthouse.._.......-.- 12 18 
Koh Chang: Lighthouse........-- 12 10 
Lem Noob: Lighthouse_.......... 12 10 
Koh Tron: Lighthouse...........- 10 Ol 
Nui Nai Pt.: Lighthouse.......... 10 21 
Pulo Obi: Lighthouse............. 8 2 
Condore I. Haon Bai Kan I.: 

Lighthouse...........-.....--... 40 
Mirador Pt.: Light. ..--...2.2-2-- 10 16 
Kua Tieu: Norodom Bank Light.-| 10 165 
Kua Dong Tranh: Lighthouse....| 10 23 
Saigon: Cathedral_._......-...---- 10 47 
C. St. James Lighthouse. ........- 10 @ 
Vung Pt.: Lighthouse...........-- 10 23 
Kega Point: Lighthouse. .......-.. 10 42 
Fanthit: Lighthouse__....-.....-. 10 AS 
Cape Padaran: Lighthouse........ J1 22 
Fan Rang: Lighthouse...........- 85 
arian: Hon Chut I. Light- ; 

es aiMlec Mami edie se aes eta ae 4 
omer Piz Lighthouse....-.......- 12 13 
Hon Lon: Lighthouse. ............ 12 12 
Cape Varella: Lighthouse......... 12 & 
Gambir I.: Lighthouse........-.-- 13. 37 
Kin Hon: Lighthouse Vebeuewnce ee 13 46 
Vung Moé: Lighthouse. ........... 14 15 
Cape ona an: Lighthouse__..-.-- 1§ 18 
Kuilao Rei: Lighthouse....._.-.-- 15 24 
Tien Sha: Lighthouse...........-. 16 08 
Tourane: 
Observatory I.: Lighthouse...]| 16 07 
Cape Tourane Lighthouse. .... 16 08 
Dong Hoi River: Beacon light....] 17 29 
Bien Shon I.: Lighthouse__.....--. 19 2 
Hon Dau I.: Lighthouse.....-_..- 20 40 
Lakh Huen: Lighthouse.........--. 20 5&O 
Haifong: Observation pagoda.....| 20 652% 
Norway I.: Lighthouse......_.... 20 37 
Hainan Island: 
Lamko Pt. Light....2.-22..2-- 20 00 
Hoihow: Fort A Light... __.. 20 8 
Hoihow: Harbor Light......-. 20 Ol 
Cape Cami: Lighthouse_.........- 20 138 
Nauchow I.: Lichthouse......-.-. 20 54 
Green Hill: Lighthouse. .......2.- 21 06 
Portalis Point: Lighthouse...._._. 21 10 
Gap Rock: Lighthouse...........- 21 49 


2 
w 


cos RRESISBIBNA S SEI FSRSNSES ~ 


SRERSSRENSZESS 


B2SSSRSEres 


NBos 


S8SSRaBR 


Coast 


China 


Place 


Great Ladrone!I.: Highest summit. 
Koho Pt.: Lighthouse._........... 
Macao: Fort Guia Lighthouse. .__ 
Ki au I.: Lighthouse_...........-- 
Wangmun: ighthouse.........-- 
Sampanchau: Lighthouse_-.--.....- 
a Dutch Folly 8. beacon 
Tongki L iparhouve Serta coed Sele 
Lantau I.: Lighthouse. ..........- 
Mawan I.: Lighthouse._.........- 
Rabsit pcs! a Lighthouse. _.....-.-. 
Lighthouse............-. 

ei kong: 
athedral. oc 25. secs ccc. ccc. 
Observatory (transit inst.) .._. 
Victoria Park Flagstaff........ 
Tanto Collinson: Lighthouse. ._.-_- 
- Lighthouse.-.-.......- 


Sugar] tL: Lighthouse Ue Suecicak 
Swatow: Lig Ws oe tie ete 
Lamocks I.: Main Lighthouse. _-_. 
Chapel I.: Lighthouse_..........-. 
Tsingseu I.: Lighthouse_........_. 
Amoy: Semaphore Station...._-..- 
Taitan I.: Lighthouse............- 
Dodd I.: Lighthouse._.....-..._-. 
Ockseu I.: Lighthouse. _._......-. 
Turnabout I.: Lighthouse........- 
Tungkuen: Lighthouse cite ere neta 
Pagoda Rock: Lighthouse_..._..-. 
en Rock: ce ienLouse tara, Marat 

RS Lighthouse _...... 
Snider se ighthouse bots a eeateta scree 
In I.: Lighthouse. ......._._... 
Middle L: ighthouse_.........-- 
Shroud I.: Lighthouse._......._.. 
Peiyushan (Shaho) I.: Lighthouse 
Tongting I.: Lighthouse aa ceeeoieeas 
Loka L: = hthouse............-- 


Bae Voleang I.: Lighthouse. .__-_. 
1.8. W. Horn: Lighthouse. 

pel le Lighthouse 
Button Rock: 
North Saddle I.: Lighthouse. ._... 
Gutzlaff L.: Lighthouse Fe edeoay 
Kiutoan: Beacon L114 0 | a 
Shaweishan I.: Lighthouse._..._.. 
Shanghai: Time signal (French 
Concession)...-._._...-22222.L.. 
Woosung Lighthouse. ....._... 

Kiachow 

‘Arkoua Tis Lighthouse... ..._-. 
Yunui San: Lighthouse... .._. 
Horseshoe Reef: Lighthouse .. 
Taikung Tao: Si hthouse......... 
Chalien Tao: Lighthouse... ....._. 

Shantung eae 
8. E.) Lighthouse_........._. 
N. E.) Lighthouse. ._._.___.. 
Weihaiwei: Flagstaff Point: Light- 


Kungtungtao I.: Lighthouse. - 
New mole light____......_..-. 
Tower Hill: Lighthouse. __.__- 
Time signal__.........-2---22. 
Howki I. (Miaotao): Lighthouse. .- 
Chimatao Promontory: Light- 
NOUS@ oon 6 osteo Weed eee 
Taku: Bar range rear light....... 

Haiho River: Tangku Tidal Sta. . 
Shaluitien (Tsaofeitien) I.: Light- 
DOUSE se cece ole ese as 
Chinwangtao: Pier light_....____- 
oe Promontory: Light- 

Ryojun Ko (Port Arthur): 

noe Lighthouse._......... 


Dairen: 8.: Lighthouse.......-.-- 
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Lat. N. |Long. E. Coast 


Place 


21 57 | 113 43 San Shan Tao: Light......---.... 
22 07 | 113 37 Thornton Haven: Lighthouse--_- 
22 12 | 113 33 Antung: Talutao I. Lighthouse. -. 
22 26 | 113 40 o Newchwang: Bar Signal Station... 
22 35 | 113 37 Pescadores I.: 
Nice Mic ae ea Te euoae gucealts 
23 07 | 113 18 uon: Light OUSO..----=-- ~~ 
2 23 «| «113 83 Baue ene (Three I): Light 
22 13 | 114 O01 Ticstan Peed ehtbcaae 
ae tae saan | ee Tokitsu Sho: Lighthouse .---- 
2 17 | 114 07 Tan Banks) gbhthouse. .... 
ape Mops 2 Lighthouse. -..- 
au: Lighthouse...........-.-. 
22 17 | 114 09 Haiked Went Kaiko (rear): Light- 
eae howe 
22 a "Dit ~(Garan Ri) Tioht.. 
22 16 114 16 Goaram Pii (Garan Bi): Light 
23 1 @ | watt: Lighthouse 2222202702072 
oo 5 ae a Sansendai: Lighthouse..-_.......-- 
2 86 | 116 30 r Hoaren Kan: Lighthouse... .._-.-. 
Peitau Kaku: Lighthouse......... 
Bsus g ||| ils 
23 1 
3 21 | 116 40 Reltos, rug, Penintat Be Light- 
ee ae Puki Kaku: Lighthouse 22227277. 
a 22 | 118 07 Tansui: Lighthouse.__...........- 
oH 7 1118 04 ||__ Pakusa Pt.: Lighthouse.........-. 
24 2% | 118 10 Kotan Misaki: Lighthouse..__-.-. 
24 26 | 118 30 Cape Tikmenev: Lighthouse...--. 
25 00 |} 119 27 Changii Kutsu (Cape Clonard): 
25 26 | 119 56 Lighthouse. .........-..----.22-. 
25 58 | 119 59 Yonshu Kutsu: Li ighthouse Sacer ers 
25 59 | 119 27 Chumonjin Kutchi: Lighthouse.. 
25 59 | 119 26 Suon Kutchi (Cape Duroch): 
2 23 | 120 30 a Lighthouse.........-.---.-.-222. 
2 31 | 120 04 Gensan: Breakwater light. __.....- 
26 59 | 120 2B Rarumepye yt Lighthouse_-.-..- 
27 53 | 121 08 Defosses Lighthouse.........-. 
27 38 | 121 © Moisyeeva Pt. (Panyansomu Ku- 
28 53 | 122 16 chi): Lighthouse..............-- 
29 52 | 122 385 Mayan To (GontcharofI.): Light- 
29 «58 122 27 ue Se Reh eoe oh poe Soe ae eS 
30 00 | 121 45 _ Chin (Son njin): Lighthouse- . 
29 58 | 121 44 Ri u Peninsula: Lighthouse_--.- 
30 13 | 122 38 Musu Kutchi: Lighthouse beens 
30 26 | 122 31 Cape Kozakof: Lighthouse..._-..- 
30 21 | 121 81 Komarusan Kutchi: Lighthouse... 
30 36 | 121 58 Chonjin Bay N. breakwater light. 
30 37 | 122 25 Ijin Rock: Lighthouse. _.......... 
30 38 | 122 22 hosan Bay Nan To: Lighthouse. 
30 §2 122 40 | ‘ 
20 49 | 122 10 hthoue oT rere 
ape Gamof: Lighthouse_........- 
31 25 | 122 14 Bruce Point: Lighthouse.....----- 
riple ghthouse.._..2-.2.. 
gt | 121 22 || B | Pospselov Pt.: Lighthouse. 
ry Cape Tokarevski: Lighthouse... .. 
08 2 19 & | Viadivostok: 
36 ] m Cape Goldobin: Lighthouse... 
en eee eee Alekseev Hill Ast. Sta_...._.. 
36 ee 120 7: Askold I.: Lighthouse............. 
35 120 Povorotni: Lighthouse. ..........- 
35 54 | 120 52 Cape Nirmennui: eu ouse caetew 
ikhachev I.:; Lighthouse........ 
pe e. os “e ; Olga Bay, N. shore: Lighthouse... 
8 2° i ater beg (Disappoint ment): 
7] ghthouse........2.22.222-2 226. 
87 30 | 122 08 i Cape St. Nikolaya: Lighthouse. 
a7 34 [iat at || Oe | iighthouse. nnn 
37 33 | 121 24 Cape Jonquieres: Lighthouse. ..-.- 
37 33 [iat 23 || & Tm eter ip hth 
5 osterkamp: Lighthouse. -.--. 
88 04 | 120 39 » Klikoff Pt.: Lighthouse. .._... 
37 41 | 120 13 ame Ree: Nikolaevsk: Light- 
38 68 | 117 41 Kamchatkas CO 
39 00 | 117 42 Petropavlovsk, (rear): Light- 
$8. $6 118 Sl lb A ese ee een n a 
39 85 119 38 Dalni Point: Lighthouse sevens s 
Notoro Misak{: Lighthouse... __. 
38 43 | 121 08 Z Atoiya Misaki: Lighthouse. ...--_- 
Cape Keramoi: Lighthouse_......-. 
38 48 | 121 15 a =| Nemoro Ko: Lighthouse. -_..-..._- 
38 56 121 40 Noshappu Zaki: Lighthouse......- 
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Coast 


Japan 
(Hokushu) 


ds) 


Ja 
(8S. W. 


Chosen (Korea) 


Place 


Otchishi Zaki: Lighthouse Ae Deis ts 
Akkeshi: Lighth 


Yerimo Saki: Lighthouse.........- 
Urakawa: Lighthouse. ...........- 
Mororan: Lighthouse.........-..-- 
Chikyu Misaki: Lighthouse-..-..--.- 
Yesan Saki: Lighthouse. .-........ 
Shiokubi Saki: Lighthouse. -...--. 
Hakodate: Lighthouse. -.........-- 
Kattoshi Saki: Li 

Shirakami Saki: Li 


Agincourt I.: Lighthouse. -_..-....- 
Naha: Tsuken Shima: Lighthouse - 
Sachibaru Zachi (Cape Ab- 

bey): Lighthouse........--.-- 
Miyegushiku Fort Lighthouse- 
Iye Shima: Lighthouse__.......--- 
Sotsuko Saki: 


Yaku Shima, Mi Saki: Lighthouse. 
Nishinoomote: Lighthouse. ...---- 


Shurerifi I.: Lighthouse.........-.. 

Teifa To: Lighthouse ete Cements 
Daido: 

Chinnam 

Oondogu Lighthouse... ......-- 

’ The Sisters Lighthouse----.-.-.- 

8u Do (Sei Tau) Lighthouse. -. 

Soi Chong To: Lighthouse. ......- 

Jinsen: 

(eben) 8. breakwater 
Sho Getsubi To Lighthouse... 
gy wee To (Yodolmi) Light- 
Kito Chosi Sho (N. Watcher 

Rocks) Lighth 
Haku Gan (White Rocks) 

Lighthouse..............---- 

o (Warren I.) Lighthouse- 

An To: Lighthouse_...........--.- 
Ferrieres I. (Bundegi): Lighthouse. 

Pexureppl (Clifford I.): Light- 

O Tote (Baker I. ): Lig hthouse-. _...-- 

Ochon To (Guerin EL eee: 

ock off rown I. 


Tarunu To: Lighthouse...-......- 
Kunnoroku To: Lighthouse. -.-.-.. 
emul To (South Twin): Light- 
Mok por Lighthouse. <2: a 
omu (Pinnacle J.): 


g 

Jiihaa To: Lighthouse............. 
Megunyaguto (Washington 
Strait: Lighthouse_............- 
Kacha To: Lighthouse. .......-... 
Kakyo To (Ross I.): Lighthouse_ _. 
Chu To (Bamboo I.): Lighthouse. . 
Chanjiku Channel: Hacho To: 
Orne Licuiheie 
ryogu To: Lighthouse. .......... 
enon ae: Cheki To Light- 
Sianley I. (Sho Bo To): Light- 
Gusset. Saishu: Lighthouse . -- 
Giffard I. (Mara To): Lighthouse-- 
Beaufort I. (G@yu To): Lighthouse. 
oo Kai (Port Hamilton): Light- 
S62. 3 once eles tock esaces 
Kommo I. Sori Do: Lighthouse. - - - 
Reisu: Lighthouse. _...........-.. 
Samzenpo: Lightbouse...........- 
Cho Do: Lighthouse. -.........2..- 
epee Lighthouse_......... 
penal st . (Ari Somu): Light- 


=(Ceds S428 Ss soe Scie ses as ses = = 


USO. sac ecesceenc’ 


USO occ eee ce eee asso ce 


Mado Sho (Frederick Rock): 
Lighthouse..........-.-..----.-- 


Lat. N. | Long. E.||Coast 
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SOoPR BS ss FSS5R 


ceS S88 
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P | 
(Holuushu) 


J 
(Honshu) 


Place Lat. N. 
° ? 
Puto Suildo (Sir H. Parker Sound): 

Lighthouse...........--.--.-..-. 05 
Katoku To! 1 Lighthouse-_-.....-... 59 
Choragu Somu (Deer I.): Light- ; 

ous Heb MiSeitadaseaececteeseslew 03 

 Chebipaut Rocks Lighthouse..| 35 06 
Uno Se Lighthouse...........- 35 06 
Fukuyama: Lighthouse. .........-. 41 25 
teat Strait: Ko Shima Light- ra 
i eos cenGueteeeuscecocesoes 1 
Yesashi: Lighthouse... .........-.. 41 8&2 
Okushiri: Oo Misaki Light- 

NOUSOs (502 2 oet cs 5leecee eek ees 42 15 
Benkel Saki: Lighthouse. ._....... 42 5&8 
Iwanai: Lighthouse. -...........-- 48 00 
Kamoi Misaki: Lighthouse... -- 43 20 
Hiyori Yama: Lighthouse._.......| 43 14 
Otaru: North breakwater Light- 

HOUS6 2 oe oes oc eaeune 43 12 
Ishikara: W. entrance Lighthouse.| 43 15 
Mashike: Lighthouse. -_.......--- 43 651 
Yangishiri Jima: Lighthouse.....-. 44 26 
Teshio Gawa: Lighthouse_.-.----- 44 8 
Rishiri Shima: Lighthouse..-.--.-. 45 15 
Wakkanai: Lighthouse_....._...-- 45 26 
Soya Misaki: Lighthouse... ..-.-..- 45 31 
Nishi Notoro Misaki: Lighthouse.| 45 54 
Soni Misaki: Lighthouse... --.-.--- 46 03 
Hinode Bana (Todo Shima): 

Lighthouse._...........-.-..--.- 46 15 
Kinushi Misa: Lighthouse... ...- 46 36 
Korsakov (Kushunkotan): Light- 

BOUSO soc we bce ice ence ese 46 40 
Tsuno Shima: Lighthouse.........| 34 21 
Kottoi: Lighthouse. ............-- 34 19 
Hamada: Uma Shima Lighthouse.|~34 6&4 
Hino Misaki: Lighthouse. ......-- 35 26 
Jizo Saki: Lighthouse. .........--. 35 34 
Sakai: Lighthouse... ........---.-.- 35 33 
Saigo Misaki: Lighthouse........- 36 10 
Kyoga Misaki: Lighthouse........| 35 47 
Tateishi Zaki: Lighthouse......--- 35 46 
Tsuruga: Lighthouse.......------- 35 40 
Kanaiwa: Lighthouse_.........--.- 36 36 
Shiroo: Lighthouse_............-.-- 38 44 
Fukura: Lighthouse. ...---.--.--- 37 05 
Saruyama Zaki: Lighthouse....-..| 37 19 
Rokugo Saki: Lighthouse. ..--.--- 37 32 
Nanao: 

Kannon Point Lighthouse.-...| 37 06 

Matsuga Point Lighthouse..--| 37 06 
Fushiki: Lighthouse_..-.....-...-- 36 48 
teas ne thousé....<.seces<5- 36 49 
Sado 8 

ne 2 Saki Lighthouse. ....... 38 05 

Hajiki Zaki Lighthouse. ------ 38 20 
Niigata: Old Lighthouse.........- 37 «56 
Nezugaseki: Lighthouse.._....-..- 38 34 
Sakata: Old Lighthouse eesseesce. 38 55 
Funakawa: Lighthouse. .......-.- 39 52 
Nyudo Saki: Lighthouse........_. 40 0O 
Tairadate: Lighthouse. .....--.--- 41 il 
Aomori: W. breakwater Light- 

house 25 Seics3 32s -oseeteewuecss 40 580 
Oma Zs Zaki: Lighthouse..........-- 41 33 
Shirfya Saki: Lighthouse_........- 41 26 
Todo Saki: Lighthouse..........-- 39 33 
O Shima: Lighthouse. .....-.....- 38 50 
Kinka San: Lighthouse__......_.. 38 17 
Shioya Saki: Lighthouse._......-. 37 00 
Inubo Saki: Lighthouse. ._.....-.- 35 42 
Katsuura Wan: Lighthouse.....-- 35 08 
Nojima Zaki: Lighthouse. .....-.- 34 5&4 
Suno Saki: Lighthouse...........- 34 59 
Tateyama: Lighthouse...........- 34 59 
ae 2: Lighthouse...........----- 35 19 

pa Ae No. OEE as crete eat 35 38 
University Obs. (at Azabu)...| 35 39 
Haneda: Lighthouse__.........-.. 35 32 
Yokohama: breakwater Light- 
NOUS@ ccc 222 scekeececsseseceue 27 


SS 


Japan 
(Honshu) 


APPENDIX IV 
MARITIME POSITIONS 
EAST COAST OF ASIA—Continued 


Place 


Yokosuka: N. E. breakwater (E.) 


Lighthouse_...........-..---.- 35 19 
Fort No. 3: Lighthouse.__........ 35 18 
Kannon Zaki: hthouse........- 35 15 
Ashika Jima: Lighthouse_-.-....- 35 13 
ate & Saki: Lighthouse._....... 35 09 
Joga Shima: Lighthouse. -_.......-. 35 08 
Inatori: Lighthouse_.............. 34 «(47 
Kazahaya Saki: Lighthouse. -._---- 34 48 
Mikomoto Shima: Lighthouse....| 34 34 
Miyake Jima: Lighthouse.........| 34 06 
Iro Saki: Lighthouse._...........- 34 «36 
Shimizu: De Bana Lighthouse....| 35 00 
Omai Saki: Lighthouse. ........-.. HA 36 
Kaketsuka: Lighthouse_-........-. 34 (39 
Kami Shima: Lighthouse. .....-..-. 34 33 
Kadoishi: Lighthouse..........-.. 34 42 
Mayeshiba: Lighthouse..........- 34 «(47 
Nomaga a ighthouse..-_.... 3 45 
Nagoya: W. breakwater Light- 

ROUSB 36 oct cece cee eesels 35 02 

Yokkaichi: Lighthouse...........- 34 58 
Niye Saki: viget house Sea en teen 34 «42 
i sg rp ighthouse.......--- 3 3 
Toba: Lighthouse_...........-.--- 34 29 
Anori Saki: Lighthouse.........-.. 34 22 
Ko Shima; Lighthouse.......-.--- 34 14 
Tsuru Shima: Lighthouse......_.. 33 37 
Kantori Zaki: Lighthouse_._.....- 33 35 
Kashino Saki: Lighthouse.........| 33 28 
Shio Misaki: Lighthouse........_. 33 (26 
Ichie Zaki: Lighthouse...........- 33 35 
Tanabe, Aizu Gawa;: Lighthouse..} 33 43 
Susami: Lighthouse_.............- 32 33 
Hino Misaki: Lighthouse. ........ 33 53 
Tomoga Shima: Lighthouse... -.-- 34 17 
Sakai: Lighthouse................- 34 35 
Kizu Gawa: Lighthouse___.......-. 34 37 
Osaka: N. breakwater Lighthouse.| 34 38 
Wada Misaki: Lighthouse.......- 34 «39 
Kobe: 

E. breakwater (S.) Light- 

house. __.........--.-.------ 34 «(40 
Time signal................--- a4 41 


~ 


BSSRLEES 


Lat. N. | Long. E.||Coast 


Japan 
(Honshu) 


Place 


Yesaki: Lighthouse. ............-. 

Komatsushima: Lighthouse....--- 
Muroto Zaki: Lighthouse_.-_...... 
Ashizuri Misaki~ Lighthouse...--- 
Kanai Saki: Lighthouse_.......-.- 
Mizunoko Shima: Lighthouse. -.._ 
Sada Misaki: L 
Seki Zaki: Lighthouse............- 
Ya Shima: Lighthonse ptetdemeecey 
He Saki: Lighthouse.._............ 
Moji Saki: Lighthouse.........-.- 
Moji: Time signal 
Yamazokono 


ana: Lighthouse... 
Lighthouse. ........- 
ima (Rockuren): 

Lighthouse... ...............--. 
Futaoi Shima: Lighthouse__.....-. 
Okino Shima: Lighthouse-....-.--. 
Tsu 8hima: Lighthouse..........- 
Yara Zaki: 2: Lighthe eee Ste cue 


tagaini J ime Lighthouse... .- 
Koshiki Shima: Lighthouse... -.-. 
Shiro 8e: Lighthouse._._.-.---..-- 
Goto I.: Ose Saki Lighthouse... .. 
Nee Shima: Lighthouse......... 


asaki: 
as Jima Lighthouse. ........-- 
Obs. time ball signal. .......-- 


Gotsu Sho: Lighthouse. -_......--- 
Kuchinotsu: Lighthouse.......... 
Yu Shima: Lighthouse.........-.. 
Shimabara: Lighthouse. -........-. 
Miike: Lighthouse._..........-..- 
Misumi: Lighthouse.-...........-- 
Nagasaki Bana: Lighthouse. .-_..- 
Tsurikake Saki: Lighthouse....... 
Bono Misaki: Lighthouse......... 
ea Benten Fort Light- 

ouse 


ISLANDS OF THE PACIFIC 


Lat. N. 
Malpelo I. Summit 1,200 ft......- 3 59 
Cocos I. Chatham Bay..-.....-... 5 3 


Galapagos Islands: Chatham I.| Lat.8. 
Lido Point.........--.....-2---- 0 88 
Lat. N. 
Christmas I.: Cook I. N. end-._--- 1 87 
Fanning I.: Longitude station near 
cable office tate tig ea tise ater se 3 (54 
Washington I. Obs. Spot. .....--.- 4 43 
Palm as BI coe Ah Be eee 5 6&2 
Baker I. 00-2 22-222 eee 0 13 
Howland I. Center................ 0 48 
GUObert Islands: Lat. 8. 
Drummond I.............-..- 1 2 
Nauru (Pleasant) I. Light- 
house. ..........-...------.. 0 33 
Marshall Islands: Lat. N. 
Wotje I. Christmas Harbor...| 9 31 
Caroline Islands: 
Kusaije (Ualan) I_......----2.- 5 20 
Ponape I. Ponape harbor .-.... 7 00 
Truk I. Uman I_...._....---- 18 
Yap I. Tomil harbor.......... 30 
Ulithi I. Mogmog I...-..----- 10 06 
Sorel Dc oct ecieseete 8 08 
Palau (Pelew) Is.: 
Urukthapel I. Lighthouse....| 7 15 
Angaur I__.... 2.28. 6 53 
Merir Warren Hastings I.._..-. 4 20 
Nevil (Lord North) I.._......-.-- 3 00 
Sonserol I............--.---------- 5 20 


Hawaiian Islands 


Marianas Islands 
rey Port Apra Lighthouse. 


Agrigan I. 2.222222... 


Midway I.: Lighthouse Pere cocias 
Laysan L 
Gardner Pinnacles__........-.---- 
French Frigate Shoal (120 ft. Islet) . 
Necker I 


meee eeseceeerzreeevresecoceeoce = 


weer ewe reece ve ewe aeew wen eacaocen 


Hawaiian Islands: 
Kauhola Point Lighthouse_--_- 
Kukuihaele Lighthouse. ..-...-. 
Laupahoehoe Point Light- 


eee nme tweeter reece e awe ence 


house 
Pe epeekeo Point Lighthouse... 
Hi 


Paukaa Point Lighthouse. 
Waiakea Lighthouse. -.-- 
Kalae: Lighthouse.......-...- 
Napoopoo Lighthouse......... 
Kailua: Lighthouse........... 


Lat. N. | Long. E 
° a ° e 
34 86 | 134 59 
34 Ol 134 36 
33 15 | 13% 10 
32 43 | 133 Ol 
32 45 | 132 48 
33 038 | 132 ll 
33 20 | 132 Ol 
33 16 | 131 54 
33 43 | 132 08 
33 58 131 Ol 
33 68 | 130 6&8 
83 57 | 130 657 
33 55 | 130 55 
33 68 | 130 51 
33 59 | 130 52 
34 06 | 130 47 
34 15 | 130 06 
34 05 | 129 13 
34 12 | 129 18 
34 43 | 129 27 
33 41 129 59 
33 52 | 1290 41 
33 36 | 129 38 
33 18 | 129 10 
33 11 | 128 48 
32 37 | 128 36 
33 O01 | 129 26 
32 43 | 129 45 
32 44 | 129 5&2 
32 34 | 130 06 
32 36 | 130 12 
32 36 130 20 
32 47 | 130 2B 
33 00 130 2B 
32 37 130 26 
32 07 | 130 06 
31 38 | 120 41 
81 15 | 130 13 
31 36 | 130 3% 
30 89 | 130 39 
Lat. N. | Long. E 
13 27 | 144 37 
14 00 145 13 
165 00 | 145 36 
15 ll 145 45 
16 22 145 40 
16 43 | 145 47 
18 47 145 40 
19 17 | 166 35 
14 8 | 168 58 
Lat. N. |Long. W. 
16 45 | 169 31 
10 17 | 100 13 
26 (Ol 173 59 
23 13 «(177 B 
25 42 171 44 
25 Ol 168 01 
23 48 | 166 12 
23 35 164 41 
23 03 | 161 55 
20 15 | 185 46 
20 08 | 155 33 
20 00 | 155 15 
19 51 155 05 
19 46 155 06 
19 44 155 04 
18 55 | 155 41 
19 29 155 56 
19 39 | 1586 00 


Page 360] APPENDIX IV 
MARITIME POSITIONS 
ISLANDS OF THE PACIFIC—Continued 
Coast Place Lat. N. | Long. W.|/Coast Place Lat. 8 
° a e é ° a 

Hawaiian Islands—Continued. New Guinea Islands—Continued. 

Keahole Point Lighthouse....| 19 44 | 156 04 Menukwari Road: Light..-.-- 0 §2 
Kawaihae: Lighthouse. ....... 20 03 | 155 6&0 Beliao I.: Friederich Wilhelm 
Mahukona Lighthouse. -......- 20 11 | 155 & Lighthouse.......-........-. 13 

Maui L: Station Point Lighthouse. -.-.- 7 45 
Nakalele Head: Lighthouse...| 21 02 | 156 36 Nateara Reef Lighthouse_...-. 9 32 
Kahului Breakwater Light Capo Vogel Lighthouso - _.-.-- 9 40 

BGSt cctesnsscesevessesscu-e- 20 8 | 156 28 Merauke River Lighthouse_..| 8 30 
Pauwela Point: Lighthouse...| 20 57 | 156 19 Rossel I.: East point......-....-.- 11 2 
Kauiki Head: Lighthouse... 20 45 | 155 59 Coringa I.: Chilcott Islet_...----_- 16 55 
Cape Hansamanioa Light- Cato lccceec ct oocute eee. 23 15 
NOUSS soc wcdcsevesesisoncus 20 35 | 156 25 Santa Cruz Islands: 
Molokini Island: Lighthouse..| 20 38 | 156 30 Obelisk I_.......-..---.-----.. 9 51 
3 Lahaina: Lighthouse............-- 20 53 | 156 41 Ndeni: Graciosa Bay. ..-..-.-- 10 44 
Hawea Point Lighthouse...../ 21 00 | 186 40 New Hebrides Islands: 
Lanai I.: Kaumalapau Light- Efate I.: Fila Li ih Use saseugien 17 44 
house (8.)... ccccccccseccnssens- 20 47 | 157 00 Pango Point Light.....-.-.... 17 47 

Molokai L.: Eromanga I.; Dillon Bay...-- 18 48 
Lighthouse ceUuaeceoeencekeneas 21 13 | 156 58 
Kaunakakai Lighthouse Fiji (Viti) Islands: Lat. 8. 

(Ont) occas oesecte dscsengese 21 06 | 157 O1 Wallangilala I. L ight tas espana 16 46 
C Laau Point Lighthouse. -..... 21 06 | 157 19 Vanua kevu: Cape Undu 

Oahu I Digit: ccccectect ne ceeseawace 6 6 
Makepuu Point Lighthouse...} 21 19 | 157 89 
Diamond Head Lighthouse...| 21 16 | 157 49 Lat. 8. 
Honolulu Harbor Lighthouse.| 21 19 | 187 82 Savusavu Bay Light.......... 16 80 
Barbers Point Lighthouse-.... 21 #18 | 158 07 Koro I. Light.............---- 17 23 
Maen Point Lighthouse...--- 21 35 | 158 17 Wakaya Reef Light........... 7 41 

Kauai I Ovalau_iI.: harbor 
Kilauea Point Lighthouse..... 22 14 | 180 24 rear Light OT et ee 17 41 
Kahala Point Lighthouse. .... 22 09 | 159 18 Viti Levu 
Nawiliwili Harbor Lighthouse.| 21 57 | 159 20 Nasilal Reef Lighthouse...| 18 08 
Makahuena Point Lighthouse.| 21 52 | 159 27 Suva: (rear) Lighthouse...| 18 06 
Benepe ie Lighthouse........-. 21 54 | 159 36 Navula Reef Lighthouse..| 17 655 
Kokole Point Lighthouse. -.-- 21 50 | 150 46 Na Koro Koro Lighthouse” 17 39 

North Astrolabe Reef 
Lat. N. | Long. E. Lighthouse........_....- 18 38 

Morons Toso n cc cceecueeasn seo se. 24 17 | 183 88 Kandavu I: nee Wash- 

Ogasawara Islands (Bonin Is.): ington Lighthouse-._-..- 19 07 
Hachijo Jima............-.---- 06 | 139 46 
Aoga Shima.........-.--.----- 32 27 | 139 46 Samoa Islands: Lat. 8. 
Tort ShiMSscoss.<cenccceewce- 30 20 | 140 19 Aunuu I. Lighthouse.._....... 1417 
Chichi Jims...........--.----- 27 05 | 142 «211 eaee Pago: Breaker Point 
Haha Jima.......-..---------- 26 38 | 142 09 i rg ee Read ere ce eee ee 14 17 
TWO JiMihicncoccesesecesnncseess 24 48 | 141 18 ae Apia, rear Light- — 

Marquesas Islands: Lat. 8. |Long. W Society "islands: Tahiti l.: 

Nuku Hiva Light......-.----- 8 55 | 140 05 Venus Point Lighthouse eogkes 17 2 
Fatu Hiva...........--------- 10 32 | 138 39 Papeete front Lighthouse -. ..-. 17 32 
Caroline Atoll: Solar eclipse tran- Pitcairn I.: Bounty Bay_-.--.-...- 25 Of 
SIU DIC 2-2 .eus ts axoccesisesates 10 00 | 150 14 Henderson I.: South Point....-...- 24 25 

VOStOK Docc ccescedcceceeccssessvs 10 066 | 152 2B Tuamotu Archipelago: 

Rllnt D2 accccwseet we teatetees ll 25 | 151 48 Fakarava 1. Lighthouse Re- 

Malden acc cnscoccetssesadwensices 4 03 | 155 01 WOAVA. Gc cnccocteseeseaweceus 16 02 

Starbuck Doc sweets cose sa ees 5§ 37 |] 155 56 Marokau I............---.---- 18 00 

poneeve (Penrhyn).-......--- 9 00 | 158 03 TOA A ce ci ewscueuswsuacsax ec 15 50 

JOPV IS Loci Le eweeeok ceseecee -eeese 0 23 | 160 02 Makatea I.._....--.......---. 15 50 

Rakahanga I. Reirson) Church...| 10 03 | 161 06 Gambicr I.: Mangareva I_..-- 23 07 

Manahiki I. (Humphrey).-..----- 10 2 | 161 Ol Juan Fernandez I.: Lighthouse__.| 33 38 

Union Group: Mas Afuera I. ..--.--------------- 33 46 
Fakaol Tocedecves es ede ceces 9 2B | 171 15 San Ambrosfo I_......2-.22.2222-. 2 20 
Nukunono I_..-....-.--------- 9 12 | 171 5&4 Sala y Gomez I___...- 2 eee 26 27 
Ata 1 on tte twa reseGecomece 8 32 | 172 31 Tralee Cook Bay.....--....... 27 09 

Phoenix Islands: a Nae ete el alam cawiere eae ed tohiee laces 27 «36 
Canton des ccusecst wceuew esse 2 50 {171 40 Tubuai (Austral) I.....22.-2.2..-- 23 22 
Enderbury I..--------.-.----- 3 08 | 171 03 Oook Islands: 

NO) Do acceureteteevetes coven 4 30 172 10 Mitiero Islands_.....--..-..-. 2 Ol 

NMecKean I. _.....-...--------- 3 37 | 174 07 eons BE. Digtitscc wens cd 21 12 

Gardner J....-------.--------- 4 40 | 174 35 rears Sh Se Light.......------ 21 50 
Tonga Islands: 

Ellice Islands: Lat. S. |Long. E. Vavau Neiafu Light..........- 18 39 
Punsluti-l..o fees cckenvseccckes 8 31 1/179 13 Malinoa Islet Light........... 21 02 
Nanomea I........-.-.-------- 5 39 | 176 06 Tongatabu I.: Nukualofa 

Solomon Islands: IGN cot voces ceuwuwobdets 21 068 
BougainvilleI.: Kieta Light...; 6 13 | 155 40 Niue L: Alofi Light..........- 19 02 
Malaita I. Auki Hbr.....-..-- 8 47 | 160 43 Kermadee Islands: Raoull..-._-- 20 «#15 
Bea Georgia: Rendova har- 

Cubed ase keue veweetomceou 8 26 | 187 17 New Caledonia: Lat. 8. 
Florida 1: Li hthouse eee meee 9 il 160 13 Cape Ndua Lighthouse___....| 22 24 
Guadalcanal : Light......... 9 25 | 160 05 ee Pass: Amedee I. Light- 

Admiralty Is.: Nares harbor..._.- 1 6 {| 146 40 || =| _ house.....22 2-2-2 lle 22 2 

New Britain Islands: mi Reef Lighthouse. ....... 22 29 
Rabaul: Simpson harbor-..-.-..-. 4 12 | 152 12 Noumea: 

New Guinea Islands: Ducrot Peak Lighthouse..| 22 16 
Aru Is. Wamar I. Dobo Light. 6 45 | 134 13 Denouel Point Lighthouse | 22 17 
Panjang I. Lighthouse. ...---- 8 00 | 132 18 Semaphore Lighthouse...._| 22 16 
Secar Bay, F. 8. at Kokas....-. 2 43 | 132 25 Burail Bay Lighthouse._....-. 21 37 
Doom I.: Sorong Lighthouse..| 0 6&3 | 131 14 Norfolk I.: Sydney Bav._........- 04 


Se8E8S5 


82 
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IoBas 
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B88 8, SAS BS SSS BIRBTES 
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Coast 


East 


Coast 


South Coast 


Cape Maria Van Dieman: Light- 


NOUSG ss < so8ce cb cccee ei clecter 34 
Cape B Brett: Lighthouse......._..- 35 
bi a a Sugar Loaf I.: Light- a 

OUS6 so ne Bo ee eS 
Marsden: Wharf light........---. 35 
Maro TirilI.: Lighthouse. ......-- 35 
Burgess I.: Lighthouse Mieco eee ncued 35 
Flat Rock: Lighthouse..........-. 36 
Tirt-tiri Matang! Lighthouse. --.. 36 
Motukorea I ighthouse__....-- 36 
Auckland: 

Bean Rocks Lighthouse... .... 36 

Electric time signal............ 36 
Rangitoto I.: Lighthouse. .......-. 36 
Thames: Goods harf Lighthouse.| 37 
Cuvier I.: Lighthouse............. 36 
Ohena I.: Lighthouse_-_......-..-- 36 
East Cape: ighthouse..........- 37 
Gable I.: Lighthouse.............- 38 
Tuahina Pt.: Lighthouse......... 38 
ene: 8. Breakwater Light- ag 

GUS6s oS xe Sees aeoueeweey 
Portland I.: Lighthouse..........- 39 
bende River: ighthouse........ 39 

Nepier Bluff Lighthouse. -.... 39 
Castle Point: Lighthouse__.-..._- 40 
Cape Palliser: Lighthouse......... 41 


Port Nicholson: 
Pencarrow Head: Lighthouse.| 41 


Somes 1, Lighthouse. -_....-.-- 41 
Wellington: 

Queens Wharf Lighthouse-..... 41 

Mt. Cook Initial Sta_._.....-. 41 

Observatory.._.............-- 41 
Karori Rock: Lighthouse. __.-._-- 41 
North Head: Lighthouse_.....--.. 39 
Patea River: Lighthouse......_..- 39 
Cape Egmont: Lighthouse......_-. 39 
Waitara: F. 8. and Light......... 38 
Manukau 

Paratutal I.: Lighthouse _--_.-. 37 

Destruction Gully Light- 

house. .....-..-2.262 22 37 


Place Lat. 8 
9° e 
Glenelg: Lighthouse... .........-- 35 00 
Cape Jervis: Lighthouse. .--...--- 35 37 
Port Victor: Lighthouse.......-..- 35 35 
‘Cape Jaffa: Lighthouse..........- 36 58 
-Rivoli Bay: Penguin I.........-.-- 373i 
Cape Banks: Lighthouse......--.. 37 (54 
ay ae Northumberland: Light- Sengd 
Copa N Nelson: Lighthouse.-.......- 38 26 
Portland: 

Whaler Point Lighthouse. -.... 38 20 

Railroad jetty light........... 38 21 
Port Fairy: Griffiths Island Light- 

OWS a oss nske bo iteeceet 38 24 
Warrnambool (front): Lighthouse.} 38 34 
Cape Otway: Lighthouse__....... 38 52 
Eagle Nest Point: Lighthouse.....| 38 28 
Lonsdale Point: Lighthouse_...... 38 17 
Gellibrand Point: Lighthouse..... 37 «(83 
Melbourne: Observatory.........- 37 6&0 
Arthurs Seat: Lighthouse_........ 88 21 
Cape Schanck: Lighthouse.....-... 38 30 
Port Western: Round I. Light- 

OU a oS ee ai 38 $1 
Cape mh dee Lighthouse._...... 38 55 
Citadel ighthouse_..........- 39 07 
Southeast Point: Lighthouse_..... 39 08 
Waterloo Point: Lighthouse. ..-... 39 05 
city 1 Lighthouse........-....- 38 57 

Cape Everard: Lighthouse........ 37 48 

I.: Lighthouse. .........-.-. 37 34 
Green Cape: Lighthouse-......... 37 16 
Eden: Lookout Point Lighthouse.| 37 04 
Montagu I.: Lighthouse. ._..._..- 36 14 
Ulladulla: Warden Head Light- 

WOUSO occ oes wee 35 22 
Point Perpendicular: Lighthouse.| 35 05 
Crookhaven R.: Lighthouse. ..... 34 54 


Sarkoos =8 
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AUSTRALIA 


Long. E.||Coast 


S& 8S BSSeaes 


SALSRESBS 


East Coast 


Kiama: Lighthouse..............- 
Kembla: Lighthouse.............. 
Wollongong: Lighthouse__........ 
Fort Jackson: Macquarie Light- 
Sydney: Observatory .........---- 
Barrenjoey Head: Lighthouse. .... 
Norah Head: Lighthouse........-. 
Newcastle: 
Nobby Head Lighthouse... .-.- 
8. Breakwater Lighthouse..... 
Stephens Point: Lighthouse. ...... 
Port Stephems: Lighthouse. ....-..- 
Sugar Loaf Point: Lighthouse. .... 
Cape Hawke Harbor: Lighthouse. 
Crowdy Head: Lighthouse...-.--. 
Port Macquarie: Tacking Point 
Lighthouse_..........-.-.....--- 
Smoky Cape: Lighthouse_-_....... 
Southwest Rocks: Lighthouse..... 
South Solitary I.: Lighthouse. .... 
Woolgoolga: Lighthouse... _._..... 
eee iv.: South Head Light- 
Richmond River: North Head 
Lighthouse.._........-.....-...- 
Cape Byron: Lighthouse.......... 
Fingal Head; Lighthouse 
Brisbane: 


wseeteanae 


oie Moreton: Lighthouse. -.-..... 
Bribie I.: Lighthouse. -_........... 
Caloundra Head: Lighthouse..... 
Double I.: Point Lighthouse. ._... 
Cape Sandy: Lighthouse. ......... 
Noe: 1.; North Bluff Light- 


mweeeeatrannerecranzreseaaeananecs 


North Head Lighthouse...___- 
Bush End Point: Farewell Spit 
Lighthouse... .............----.. 


Nelson: Bowlder Bank Light- 
Okure 1 Point: Lighthouse... ....... 
French Pass: Lighthouse.......... 
Stephens J.: Li 
Nine Pin Rock: Lighthouse... .... 
Jackson Head: Lighthouse. ._..--.. 
Brothers, North 1° Lighthouse. - 

Picton Harbor: Wharf light......-. 
Alapawa I.: Lighthouse........... 
Cape Campbell: hthouse. ..... 
Godley (Cachalot ead): Light- 


Lyttleton: E. Breakwater Light -- 
Akaroa Head: Lighthouse........- 
Timaru: Bluff Lighthouse. .._.... 
Jacks Point: Lighthouse. ......... 
Oamaru: South Head Lighthouse. 
Moeraki: Lighthouse. 
Otago Harbor: 
Signal Station F. 8.........-.. 
Hayward Point Lighthouse... 
Cape Saunders: Lighthouse... _... 
Nugget Point: Lighthouse. -_..... 
Ww aipapapa Pt.: Lighthouse....... 
Dog I.: Lighthouse PR ne io ee ET 
Awarua Bluff) Harbor, Stirling 
Point: Lighthouse. ...........2. 
pam pheno: Bluff Signal Sta- 


Dieses eke wee wesw et ee ewe ewe cee ewe 


Center I.: Lighthouse_............ 
Puysegur: Lighthouse-___.......-- 
Queenstown: U. 8. (Transit of 
Venus) station..-.......--.-22 2. 
eh River: 8. breakwater light- - 
al Foulwind: Lighthouse. ..... 
ler River: W. breakwater light. 
ahcece! Point: Lighthouse... 
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Lat.8. | Long. E 
° ? ° a 
34 40 | 150 83 
34 29 | 150 56 
34 25 | 150 56 
33 51 | 151 17 
83 62 | 181 12 
33 35 | 151 20 
33 17 | 151 36 
82 65 | 151 48 
32 55 | 151 48 
32 45 | 152 13 
32 43 | 152 11 
32 26 | 152 34 
32 11 | 152 32 
31 51 | 152 46 
31 29 | 152 57 
30 56 | 153 06 
30 53 | 153 03 
30 12 | 153 17 
30 06 | 153 13 
25 | 153 23 
23 51 | 183 37 
28 37 | 153 39 
23 11 | 153 35 
27 2 | 153 02 
27 04 | 153 2 
27 02 | 153 28 
26 53 | 153 09 
26 48 | 153 09 
25 86 | 153 13 
Ww 44 | 153 13 
25 15 | 182 88 
2% 07 | 152 45 
36 21 | 174 12 
36 23 | 174 68 
40 33 | 173 02 
41 158 | 173 17 
40 58 | 178 46 
40 55 | 173 50 
40 40 | 174 O1 
40 55 | 174 04 
40 59 | 174 20 
41 06 | 174 27 
41 17 | 174 02 
41 12 | 174 19 
41 43 | 174 18 
43 36 | 172 49 
43 37 | 172 44 
43 54 | 173 00 
44 23 | 171 18 
44 27 | 171 18 
45 07 | 171 01 
45 24 | 170 83 
45 47 | 170 44 
45 46 | 170 43 
45 53 | 170 45 
46 27 | 160 51 
46 40 | 168 52 
46 40 | 168 26 
46 37 | 168 23 
46 37 | 168 20 
46 6A | 168 11 
46 28 | 167 52 
46 10 | 166 38 
45 02 | 168 40 
42 26 | 171 13 
41 45 | 171 28 
41 43 | 171 36 
40 46 | 172 13 
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AUSTRALIA 
Coast Place Lat. 8. | Long. E.|/Coast Place 
t+] ce C+] é ] , e , 
Cape Don: Lighthouse...........- 11 18 | 131 46 Boston Point: Lighthouse.........] 34 39 | 135 56 
Port Darwin: Ls Aas Mote Lighthouse..........- 34 29 | 136 17 
Point Charles Lighthouse. _... 12 2 | 130 38 Tipara {: Lighthouse._.....--- 34 04 | 137 % 
Emery Point Lighthouse..._.. 12 27 | 130 49 Wardang I.: Lighthouse. -......-- 84 30 | 137 21 
Cape Leveque: Lighthouse. _..... 16 23 | 122 55 Corny Point: Lighthouse......... 34 5&4 | 137 01 
+o Gantheaume Pt.: Lighthouse... 17 68 | 122 11 or Wedge IL:: HE re See ene 35 10 | 136 20 
a | Broome: Mangrove Point Light- F | Althorpe I.: Lighthouse......-.--- 35 23 | 136 51 
8 OUSG os cfocie dee etea keels 68 | 122 14 8 zaroo I.: 
care Bossut: Lighthouse. -........ 18 43 | 121 39 Cape Borda Lighthouse....... 35 45 | 136 35 
€ Bedout I.: Lighthouse. ._........- 19 35 | 119 06 § Cape Couedio Lighthouse. --_.. 36 0 | 136 42 
Mount Blare: Lighthouse........- 19 59 | 119 28 i Cape Willoughby Lighthouse.| 35 651 | 138 08 
> Port Hedland: Tidal staff light...| 20 18 | 118 35 3 Cape St. Alban Lighthouse...| 35 49 | 138 07 
abe Walcott: Jarman I. Light- Kingscote Lighthouse. ......_. 35 40 | 137 38 
hs Relient i et lenin ema 39 | 117 13 Marsden Pt. Lighthouse_.....| 35 34 | 137 87 
N. Sandy I.: Lighthouse........-.. 21 06 | 115 39 Troubridge Shoal: Lighthouse....| 35 08 | 137 5O 
Ashburton Road: Onslow jetty Port Wakefield: Lighthouse.......} 34 12 | 138 08 
HOW Gs ieee cow et set cee cece 21 41 | 115 00 Port Adelaide: 
Anchor I.: Lighthouse. ..........- 21 32 | 114 46 Wonga Shoal Lighthouse......| 34 50 | 138 656 
Viaming Head: Lighthouse.....-.-. 21 48 | 114 06 Semaphore Time Signal._-.... 384 60 | 138 20 
Point Cloates: Lighthouse... .....- 41 | 113 41 Observatory (mer. circle)......| 34 56 | 138 35 
: Bustard Head: Lighthouse........ 2% O1 | 151 46 
Babbage De Wet NOUse 222 iseo- ae a eta Gatcombe ITead: Lighthouse.....- 23 83 | 151 2 
Cape Inscription: Lighthouse. - - -- 25 20 | 112 6&8 : 
: 3 Cape Capricorn: Lighthouse--_._. 23 29 | 151 14 
Geraldton: Moore Point Light- Little Sea Hill: Lighthouse 33 30 | 151 00 
NOUSO oes Sec at LS ce eed 2 47 | 114 35 CP ca ee 
~~ Rottnest I.: Lighthouse 32 00 115 30 North Reef: Lighthouse........... 23 il 151 56 
a 2 Pree tenet Aap cae ae High Peak I.: Lighthouse... ._.... 21 57 | 180 43 
Bathurst Pt.: ighthouse ewenenaaaee $l 59 115 32 Pere Isles: Li hthouse 2) 39 150 14 
& | Freemantle: Lighthouse. ........- 32 03 | 115 44 y Be Useseserserans 
: Flat Top I.: Li hthouse asthe ears 21 09 | 149 16 
+8 Woodiman Point: Lighthouse... 32 08 | 115 47 Kennedy Sound: Shaw Peak 20 28 | 149 08 
$ | Bunbury (main) Lighthouse. -.--- 33 19 | 115 39 SO Ue ee cee nese 
: Dent Island: Lighthouse le we el 20 22 | 148 57 
= | Busselton: Inner pier Lighthouse.| 33 38 | 115 21 : 
: Port Denison: Lighthouse. _...... 20 O1 | 148 ~«#+17 
Cape Naturaliste: Lighthouse..... 33 32 | 115 02 : 
: Cape Bowling Green: Lighthouse.| 19 20 | 147 26 
Pe Hoel ne Pe Light” 34 22 | 115 09 Cape Cleveland: Lighthouse.--..- 19 11 | 147 O1 
house. .----------------n0------- 35 03 | 117 55 | eee Vicithodee: Dien | ugha: | adaeaia 
Break Sea i. Lighthouse. ........ 8508. | AIS 206 2 | Brook Islands: Lighthouse. .--..-- 18 09 | 146 19 
Port Eyre: Lighthouse..__......-- 32 00 | 132 26 8 North Barnard Islets Lighthouse_.| 17 41 | 146 11 
8t. Francis I.: Lighthouse.........| 32 31 | 133 18 Cairns Harbor: Front beacon light.| 16 55 | 145 47 
Murat Bay = Port Douglas: Island Point 
West Side Jetty Lighthouse...| 32 06 | 133 35 3 Lighthouse. ...-...--.---- ------ 16 29 | 145 28 
East Side Jetty Lighthouse._.| 32 08 | 133 40 Low Isles: Lighthouse............- 16 2. | 145 34 
« | Port Thevenard: Lighthouse... .. 32 09 | 133 38 Point Archer: Lighthouse. .-.....-- 15 36 | 145 20 
3 Streaky Bay Coquet I.: Lighthouse.._.....2...- 14 32 {| 144 59 
Gibson Bt. Lighthouse... .....- 32 45 | 134 14 Pipon I.: Lighthouse............-- 14 06 | 14 31 
8 Port Blanche: Lighthouse----. 32 48 | 134 12 Dhu Reef: Lighthouse... ........- 14 08 | 144 00 
§ Flinders I.: Lighthouse. .......... 33 41 | 134 30 Heath Reef: Lighthouse..........-. 138 2 | 143 40 
5 Four Hummocks: Lighthouse-.... 34 46 | 135 O1 Chapman Island Lighthouse... .. 12 853 | 143 35 
8 Price I.: Lighthouse. ............- 34 42 | 135 17 Piper Island: Lighthouse.-..._.._- 12 18 | 143 18 
South Neptune I.: Lighthouse....| 35 20 | 136 07 Clerke Island: Lighthouse......._. ll 68 | 143 17 
Dangerous Reef: Lighthouse. ..... 34 49 | 136 12 Hannibal I.: Lighthouse. _........ 11 35 | 142 56 
Cape Donington: J.ighthouse. .... 34 44 | 136 00 Albany Rock: Lighthouse_........ 10 43 | 142 38 
Boston I.: Lighthouse............- 44 / 135 56 Wednesday Is.: Lighthouse... ....- 10 31 | 142 19 
Port Lincoln: Kirton Point jetty Goode I.: Lighthouse._...........- 10 33 | 142 OO 
Lighthouse.....-.....---.....-.- 43 | 135 61 Booby I.: Lighthouse. ..-...._..-. 10 36 | 141 585 
TASMANIA 
Deal Island: Lighthouse... .. 39 20 147 19 Maatsuyker Isles: Lighthouse... 43 30 | 146 17 
Goose Island: Lighthouse. .......- 40 19 | 147 48 One Tree Point: Lighthouse....... 43 ll 146 89 
Swan Island: Lighthouse._.......- 40 44 | 148 07 poner: Lighthouse._.........---. 43 20 | 147 0 
Low H2ad: Lighthouse.._........-. 41 03 | 146 49 Cape Bruny: Lighthouse.........- 43 30 | 147 00 
Devonzort: Time ball signal]...... 41 10 | 146 24 
Bluff: Lighthouse. .......- 41 09 | 146 24 Iron Pot Is.: Lighthouse._....| 43 04 | 147 2 
Emu Bay: Breakwater light_...... 41 03 |-145 57 Fort Mulgrave Time signal...| 42 83 | 147 2 
Cape Wickham: Lighthouse.....-. 39 36 | 143 587 Astronomical Station (Tran- 
Currie Harbor: Lighthouse........ 39 57 | 143 61 sit Venus)_......2....0.222.- 42 83 | 147 20 
Cape Rochon: Lighthouse_........ 40 24 | 144 87 Tasman J.: Lighthouse_........-.- 43 14 | 148 02 
Hunter Island: Lighthouse........ 40 20 | 144 43 Cape Forestier: Lighthouse.......]| 42 ll 148 23 
Entrance Islet: Lighthouse.......- 42 12 | 145 13 Eddystone Point: Lighthouse... . 41 00 | 148 21 
Cape Sorell: Lighthouse_........-- 42 11 | 145 11 
THE ARCTIC REGIONS 
Lat. N. | Long. W. Lat. N. |Long. W. 
J | Cape Walsin ham: Extreme. ._... 66 00 @ 69 2 Marble Island: E. end...-...-..-- 62 33 | 91 06 
| Mill Island: N. pt...-...---.--- 2. 64 04 77 50 g Cape Kendall: Extreme........... 63 42 87 15 
bh Button Islands: Obaerratioa Islet.| 62 35 74 00 c econ Island: E. Rt ieee weneeteeen 69 21 81 31 
“ « | Baffin I.: Monument._.._...-....- 62 22 68 46 © ing William I.: Gjoahavn....... 68 37 05 53 
§ | Douglas Harbor: Monument...._- 61 55 72 37 || @%& | Victoria Harbor: N. shore..-.----- 70 008 | 91 30 
E@ | Wakeham Bay: Monument.-_._._- 61 42 Tl 55 - Elizabeth Harbor: Entrance.....-- 70 38 92 10 
§ Fisher Bay: Shepherd I.......-.-- 61 46 72°«11 § Port Neill: N. pt. of entrance...... 73 09 89 00 
= Nuwuk Is.: N. E. point_.....2...- 62 24 78 00 Port Bowen: COVCSo 2 coeds 73 «13 88 54 
| Nelson River: Marsh Pt. Beacon..| 57 03 92 12 Batty Bay: 8. pt. of entrance.....- 73 «13 91 0 
Churchill: Lighthouse_._.........- 68 47 04 12 Port Leopold: Whaler Pt.......... 73 «50 90 12 
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MARITIME POSITIONS 


THE ARCTIC REGIONS—Oontinued 


Place 
Careys Islands. .................-.. 
Disco Harbor.........-...---- 
Alert’s Winter Quarters. ........-- 


Cape sveepa Henry: N. extreme... 
Cape Hecla: N. extreme._.._.....- 
Cape Columbia: Extreme.-........ 
Isachsen I.: N. end_...-......-.-..- 
Amund Riognes L.: N. E. part..-.- 
Lougheed I.: 8. end Lett dd tithes re nae 
Melville Island: Winter Harbor... 
Brock I.: 8. W. corner..........-.- 
Prince Patrick L.: 8. W. end_...... 


Bear Island (B ornoy a): 
Austervag W/T sta...........- 
West Spitsbergen I. (sv albard): 
Green Harbor: W/T sta_...--.. 
piesa Wik or Shi teieus 
yearbyen: Sta_....-.. 
Kone. : Settlement__... 2... 
Cape Chelyuskin ead er aleltia tis data iia 
Gulf of Yenesei: 
Arctic Institute Islands_-....-- 
Port Dickson: W/T station.-.- 
Golchikha: Chapel and light -- 
Sverdrup I.: Ast. Station.....- 
ulf of Ob: 


ghokalskt I.: Northeast Cape_. 
C) Cape: Lighthouse . 
Yo oar Strait; Village. ......_..- 
Vaigach I.: Lighthouse Se ee ee 
Pechora: C. Konstonovski Bn...-. 
Novaya Zemlya: 
Cape Cherni............-.-... 
Matochkin Strait: Polar Geo- 
physics Obsy. and W/T sta. 
Cape Zhelaniys..._.........--- 
Franz Josef { Land; Wilczek I_...-- 


Mezen: Ephi hany Church.....-- 
Morzhovetz I.: Lighthouse. ...--.- 
Arkhangel: Trinity Church..--._- 
Zhizhginsk I.: Lighthouse__......- 
Onega: St. Michael’s Church... -..- 
Cape Intzi: Lighthouse...........- 
Cape Kerets: Lighthouse........_- 
Cape 8viatol: Lighthouse_......-- 
Cape Tsyip-Navolok: Lighthouse. 


Cape York: Extreme___.........-- 
Upernivik: Flagstaff. ............- 
Proven: Village. ..............---- 
Omenaxkx Island: Village. _.......-. 
Godhavn: Gov. Mansion........-- 
Jacobshavn.................-.---- 


Eee edesmunde: Battery F. 8_...... 
alefish seer anh Boat Inlet..._-- 


mint... acl Guinea a eau a ent ate 


Deke Sag ee tee Se atte state 


2388 


Faxe Bay 


~~) 
Oo 

BESSB BISN ANSE Bz 
a 


SSSSHRaaSSR FS SERGA SIRS 


60 
58 
54 
70 49 83 
1 Latrabjarg: Lighthouse 
e a Svalvogar: Lighthouse 
60 45 | 80 Goltr (Galtar): Lighthouse 
68 39 3 Arnares: Lighthouse 
65 50 44 Straumnaes: Lighthouse 
66 45 42 Gjogur: Lighthouse 
64 32 | 40 ~ | Grimsey I.: Lighthouse 
62 12 | 36 € | Kalshamarnes: Lighthouse 
63 54 | 38 3 Skagata: Lighthouse 
65 88 | 40 S& | Siglunes: Lighthouse 
65 20 39 Hrisey I.; Lighthouse 
68 00 39 49 Flatey I.: Li hthouse 
69 43 33 08 Revsnes: Lighthouse 
Cape Langanes: Lighthouse 
Aral oF ee 
alatangi: Lighthouse 
ck roue Vattarnes: Lighthouse 
81 61 Kampnaes: Lighthouse 
75 65 8treiteshuk: Lighthouse 
72 85 Papey L.: 
72 BB Lighthouse 
70 51 Transit station 
69 53 Stokksnes: Lighthouse 
69 50) Hvanncy: Lighthouse 
69 80 Ingolfshofdi: 
68 51 Lighthouse 
§2 
53 
53 
53 
§2 
51 
$1 
60 
48 
5 


8 
SSSSVSLSUSHSSLSASBAAKSz 
SRGBSATHSNSSASSSBVSRS g 


Faroe Islands | 


a 
© 


Cape Bismarck: Extreme 
Jan Mayen L.: 

Mt. Beerenhberg, 6,870 ft 

Youngs Foreland, or Cape 

Northeast 

Mary Muss Bay 

Southwest Cape 


Portland (Dyrhola): Lighthouse. . 
vie uenneey ss (Heimaey): Light- 
Reckjancs: Lighthouse. 
Sangerdi: Lighthouse 


Skagl (Skagen): Lighthouse... 
javik: Lighthouse 
Malarit Point: Lighthouse 
Svortuloft: Lighthouse_..........- 
Ondverdarnes: Lighthouse 
Ellidacy I.: Lighthouse........--- 


Sumbo: Lighthouse 
Galgetange. Lighthouse 
Nolso: Lighthouse 
Borin: Lighthouse_......-2.2----- 
Tofte: Lighthouse.......2..-.....- 
Straender: Lighthouse 
Kalso: Lighthouse 
Myggenaes: Lighthouse 


ence sear eesceeanecocea=s 
eeeeececeeveaceve 


Cr ee ee 


ewrewwreceuewaeecoce= 


Transit station 


wre creat wowace 
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Lat. N. | Long. W./|Coast Place 
oe t ° tl 
76 49 73 10 Kangarssuk Havn..........--..--- 
81 04 64 45 Arsuk: Pingo Beacon 
82 27 61 18 Kajfartalik Island: Summit 
82 4 63 38 Ivigtuk: House.......--.....----- 
82 54 64 45 Bangs Havn: Anchorage 
83 07 70 20 Aurora Harbor.............-.-..-- 
79 23 | 105 2 Julianshaab Adm. Bidg 
78 44 08 17 Neunortalik__....-..---..-2.222--- 
77 07 104 45 Fredcriksthal_.._..-..-.....-.-..-. 
74 46 | 110 47 Cape Farewell: Staten Huk 
77 «4 115 16 Aleuk Islands: Center 
77 #11 =«+$123 485 a) Cape Tordenskjold: Extreme 
75 11 14117 B Cape Bille: Extreme_...........-- 
74 08 | 118 8 Cape Juul: Extreme... ...-....--.- 
71 59 124 55 Cape Lowenorn: Extreme 
69 27 | 133 03 Dannesbrog Island: Beacon 
Ingolsfjeld.....--- eee ee 
a oe use 
endulum Islands-_-..........---.- 
Lat Long. E Cape Philipp Broke 


63 


64 
65 


65 41 


~— 
© 
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MARITIME POSITION INDEX TO APPENDIX IV 


REGIONS, COASTS, AND ISLAND GROUPS 


Page Page Page 
Aden, Gulf of.....-.._-- 352 | Esthonia___.....__-.--- 343 | Marianas Islands- - - _ -_ _- 359 
Admiralty Islands--_--__ 360 | Europe, Atlantic coast... 339} Marquesas Islands---- -_- 360 
Adriatic Sea__......---- 348 Marshall Islands. - .___-- 359 
Africa, east coast.____.-- 351 | Falkland Islands -- _----- 339 | Maryland_-___-._.._.--- 332 
north coast___-__-_- 350 | Faroe Islands_-_-_...-__-- 363 | Massachusetts___...-_-- 331 
west coast _..._.__- 351 | Fiji Islands.__......__-- 360 | Mauritania____.....___- 351 
Alabama.._....-------- 332 | Finland__....-.-------- 343 | Mauritius Island_-_-_--___- 352 
Alga 8 sie Se oils 333 | Florida._..._.--------- 337 | Mediterranean Sea- - -- -- 346 
Albania___...---------- 349 | Formosa Island --------- 357 | Mexico, east coast___-__- 332 
Aleutian Islands... -_--- 333 | France, north and west west coast... _..-- 334 
Igeria.........--.----- 350] coasts__..._...----.-- 345 | Mississippi. _.-.....-.-- 332 
ANGO ons oe ee 351 | —— south coast. _.--_.-- 347 | Morocco. _.-.-.-------- 350 
Arabia__.......---- 352, 353 Mosambique_.__.-.--.. 351 
Arctic regions... 341, 362, 363 | Gabon___._.---.------- 351 
Antarctic regions. - . . ~~ -- 339 | Galapagos Islands - - - - - -- 359 | Netherlands. __...-..--. 345 
Argentina. -........---- 337 | Gambia__-__.---.-------- 351] New Brunswick-_----.~-- 329 
Asia, east coast__.__-.-.-- 354 | Georgia_.-..----------- 332 Caledonia._._..--- 360 
south coast_._...-... 353 | Germany__.._.......---- 343 | Newfoundland._____._-. 329 
Asia Minor. ____-.--_--- 350 | Gilbert Islands_.._.__--- 359} New Guinea Islands_---- . 360 
Atlantic Ocean, islands... 338 | Gold Coast_--....-.---- 351 Hampshire___.__.-- 331 
Australia__.__..-.-.---- 361 | Great Britain. -.....---.- 339 Hebrides Islands__._ 360 
Azores Islands......-.--_ 339 | Greece____--.-_-.-.---- 349 Jersey_......-.---- 332 
Grecian Archipelago. -- - - 350 | —— South Wales, Aus... 361 
Bahama Islands. ---_----- 835 | Gree Que eee 363 OM eee oe 331 
Balearic Islands- - -- ~~~ -- 347 | Guiana. __.-...-.--.--- 336 Zealand.....-.---- 361 
Baluchistan .....-.---.-- 353 | Guinea__......-.------- 351 | Nicaragua__..._..._-.-- 333 
Belgium.__.._.....-..--- 345 Nigeria. .........------ 351 
ermuda Islands--__---- 838 | Haiti, Island of___.--_.-- 335| North America, east 
De eee Ore es 349 | Hawaiian lelende 359} coast..__._._._..___._.... 329 
BOPn60 isso cee 355 | Hokushu_..----.-_----- 358 west coast.____ 333 
ee eee eet 336 | Holland__.............. 345|—— Carolina_._...._._. 332 
British Honduras-. - - -- - - 333 | Honduras.__-...----.-- 333 | Norway___...---------- 341 
Bulgaria. ......---...-- 349 | Honshu..-.._._--------- 358 | Nova Scotia___._..----- 329 
Ce ee ee o28 Iceland - --.------------ 363] Oregon.__._.__.._.-_... 384 
California___....-..---- 934 | India... <cesesel = cok: 353 
Cameroon____._._------ 351 | Indian Ocean, islands --- 352] Pacific Ocean, islands.... 359 
Canary Islands__._---.-- 339 | Indo-China__---..------ 356] Panama____________-__- 333 
Cape Breton Island -.--.-- 33] | Iran_------- ----------- 353 | Palau (Pelew) Islands__.. 359 
Verde Islands- - .-_-- 339 | Italian Somaliland ---- - -- 352 | Pennsylvania____..----- 332 
Caroline Islands_----_---- 359 | 4balY------------------ 347] Pergia (Iran)._._-_-_--__- 353 
ode abe eet ath ohne 355 | [vory Coast_----------- 351 oon gage fT ae 338 
entra merica, east : hilippine Islands... ---~- 355 
coast....-.---------- 7] fea a ee 835 | Phoenix Islands... 360 
weet coast_-_--- 334 ace et aah ate eae ee 354 Poland___...-...-.------ 343 
Ceylon___.._..--------- BOGE Ge Pe ge ee Puerto Rico. .......---- 335 
Chiles cccceces a steooa- 838 | Kenya___-_._-__------- 352 | Portugal..--..--.------ 346 
Chinguoec ae bone 356 | Kerguelen Islands_ __-___- 352 | Portuguese Islands- - - -_- 351 
Chosen (Korea) -.-..---- 357 | Kermadec Islands__._.___. 360 | Prince Edward Island._._. 331 
Cochin China__.-_-.---- 356 | Korea (Chosen)... ___- 357 
Colombia, north coast_.-- 336] Kyushu_....._-_------- 359 | Quebec. ._.---.-_--_--- 329 
west coast..._..--- 338 Queen Charlotte Islands__ 333 
Connecticut...-.-.----- 331 | Labrador...-.-..-.-..-- 329 | Queensland, Aus_-_-__-_-.-- 362 
Cook Islands_._...-...-. 360 | Laccadive Islands_ -—_-__-_ 352 
COPSICS so oc Soe O47 | Latvia=..<cceccsecesnen 343 | Red Sea______-- ee 352 
Costa Rica__.._-.--.--- 333 | Lesser Antilles. _._.._.-- 335 | Rhode Island..___..---_- 331 
US ote we 330 | DiDGriBaj coos eee eet 351} Rio Muni_-___-__-_-_____- 351 
iI ses bls Sons 350} Rumania__._._.-__.___- 349 
Delaware___....-.--.--- 332 | Lithuania. ......._.__-- 343 
Denmark.___-...-.----- 343 | Louisiana___....-..---- 332|St. Lawrence, River and 
Lower California. _.____- O04. GuUllc eons ce coe ek 329 
Fast Indian Islands-_---~- 355 | Madagascar__.__...-.-.- 352 | Sakhalin. -.-_-.-_..____ 358 
Ecuador__-_..-.------- 338 | Madeira Islands__-.--__. 339 | Samoan Islands________- 360 
VeVbsecccanseaceseeas 350 | Maine. .--------------- 331 | Santa Cruz Islands_ - __-- 360 
Ellice Islands_--____.._-- 360} Malaya__.--.-.--..---- 354 | Sardinia______._.______- 347 
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REGIONS, COASTS, AND ISLAND GROUPS—continued 


Page Page 
Senegal._........-.---- 351 | Sweden_._..-.--.------- 342 | U. 8. 8. R.—Continued. 
Seychelles Islands- - __-_ _. S02) OYTO sewer l 350 Black Sea...._.-.-- 49 
Siam, Gulf of........__- 356 Siberia, Pacific Shores 357 
Siberia.........-_-- 357, 363 | Taiwan (Formosa) - - - - .- 357 White Sea__-.-.-- 341, 363 
Society Islands. --_.-_---- 360 | Tasmania. -_-__.---_---- 362 | Uruguay.....---------- 337 
Solomon Islands- - - - - --- 360 | Texas....._-.._-.__---- 332 
South America, north and Tonga Islands_____.._-- 360 | Vancouver Island_----- - 334 
east coasts._._...._-- 336 | Trinidad Island______--- 336 | Venezuela.__.......---- 336 
—— —— west coast... 338] Tripoli_.._....._______- 350 | Virginia__----.-.-------- 332 
—— Carolina___....---- 332 | Tuamotu Archipelago..._ 360 | Viti Islands_._..-..._--_- 360 
Southwest Africa_-__-.--.- - 351 | Tunisia. .._.....--.-.-- 350 | washi to 334 
S. W. Is. of Japan_.__.... 358 | Turkey________-____._- 349 West ing pee ri ares 362 
Spain, north and west Wes t In di "I lands ee re 
coaste__......-.--..-- 346 | Union of South Africa... 351| "est tndia Islands--- --- 5 
Spain, south and east Union of Soviet Socialist Yucatan.........._.... 333 
coasts. _..------------ 347 j ecrea Yugoslavia_..........-. 348 
Straits Settlements. --__-- 354 ctic Ocean... ..-- 363 
umatra._......-.-.-.-- 354 Baltic Sea_..-...--- 43 | Zanzibar. __....-.--.--. 352 
PLACES 
Aabenraa.....-.------- 344 | Ailsa Craig.....-._.._-_- 340 | Almadi Rock. __._._.___ 351 
Aarhus__......--------- 344 | Ainazi.....-...__..___. 343 | Almeria__....._.......- 346 
Aaro Island._.....-.--- 344 | Air Point_...._...._._.-- 340 | Almina__._......._._-- 350 
Aaro Sund._....------- 344 | Aire Island______----.-- 347 | Alnes__..__._.._.._-_-- 342 
Abaco Island._....._--- 335 | Aitodor, Cape_._...__-- 349 | Alofi_.....-.....---.---- 360 
Abbadia.........----.-- 346 | Aizu Gawa____._-_.___-_- 359 | Alprech, Cape_.__._..-- 345 
Abbeville___.......__--- 345 | Ajaccio. _____-_- ease 347 | Alta Vela Island. ______- 335 
Abbey, Cape._.....---- 358 | Ajos Holm_________-_-- 343 | Althorpe Island______--- 362 
Aberdeen___....._._---- 340 | Akaroa Head_________-- 361 | Amapala Pt...._...---- 334 
Aberystwith._......._.- 340] Akers Point..._.-_____- 361} Amaracao.__.......---.- 336 
Abona Point......-..--- 339 | Akka_____..._.-___---- 350 | Amatuli E. Island__-- --_-- 333 
Abrolhos Island-.-- __.--- 337 | Akkeshi_.._........-_-- 358 | Amazon River__._.._--- 336 
Absecon Inlet__......... 332] Akkra_......._..__._-- 351 | Amblan Point_..__._.-- 355 
Abu Ail Island... .__-- 352 | Akmenrags_____.__.__-- 343 | Amboim, Porto. __-__.--- 351 
Abu Shahr._.-..-.._--- 353 | Akroterion, Cape__.---_-- 349 | Amboina Island__----- --- 355 
Abuja Point__....-.---- 350 | Akutan.___..__..-._--- 333 | Ambriz_........_.----- 351 
Acajutla..-....._..---- 334 | Alacran Island_-___..---- 338 | Ambulon Island -__--_.---- 356 
Acapulco_._......-.---- 334 CCl occ. Sede es 333 | Amchitka Island__..-.-- 833 
Aconi POM eseecust cuss 331 | Alan Island_._-..__._._-_- 343 | Amedee Island_.__..--_-- 360 
5: See ee renee ener ee 350 | Alapawa___......-_---.- 361 | Ameland.........-.--- 345 
Adak Island_-....-.-.-- $30) AIBYS. ccc cies ou cews uae 350 | Amelia Island__..__.~--- 332 
Adalia._........_------ 350 | Albany Rock.______._-- 362 | Amelia, Porto.._..._..-- 352 
Adelaide, Port.__...---- 362 | Albardao_._.._____----- 337 | American Shoal----.---- 332 
denise oi cossoen 2eces 353 | Albarnas Point._._...... 338] Amet Island_._..__..-_-_- 329 
Admiralty Islands-_-_-_-_--- 360 | Al Bida__.____.._-__.-- 353 | Amica Point....__-_---- 348 
—— Peninsula.......... 350] Albir Point_.._....___-_- 347 | Amour Point__._.._---- 329 
AQTA auc cec eS es 346 | Alboran Island___.-.._-- 300 | AMOY cose cn ee cece de 357 
reese aati eevee Sad 344| Albuen_.__....-2----_- 344 | Ampenam...____...---- 355 
Aensire._._.__.._-.---- 342 | Alcantara Point_____---_- 336 Aciphitrite Point.___---- 334 
Afognak Island.._..__-- 833 | Alceatraz........_-.---- 334 | Amping._-......--.-.-- 357 
Africa Rock. _.._.------ 347 | Alcatrazes Islands-_------ 337 | Amrum Island.--..------ 345 
Afuera Island__._._.--.- 334 | Alderney Island_____-_--- 341] Amsterdam___..._..---- 345 
AGOQGI 2 oe ewe elie 351 | Alessandria Islct_--._---- 349 | Amund Riognas I__._--- 363 
Agay, Rade d’_.._.___-- 347 | Aleuk Islands_._._.._..-- 363 | Amur River_.......---- 357 
Agbatan Pt. Reef___..-- 356 | Alexandretta_ _ —- _- Ces 350 | Amutei To___..__-.-.-- 358 
Agerso.......-.-.-.---- 344 | Alexandria___._..._..-- 350 | Anacapa Island. --_------ 334 
Agincourt Island. ------- 358 | Alfaques, Port. ...-.---- 347 | Anaga_.__._._...-.---- 339 
Agios Georgios_.......-- 349 | Algeciras.__..._.._-.-_-- 346 | Anak Suangi____-------- 355 
AGO ose le Sees aac 342 | Algiers......._...-...-- 350 | Analalava.__.._...----- 352 
Agrigan Island__..._.-_-- 359 | Alguada___..__...-.---- 354 | Anamba Island. -------- 356 
Aguada, Fort__._.....-- 353 | Alicante_.____..._.-_--- 347 | Anamur, Cape_-__------- 350 
TSIANG = 60)o cece 332 | Alice Point_........---- 348 | Anastasia Island_------- 349 
Agulhas, Cape______.__- 351] Aliwal.._......._-.-.-- 351 | Anatahan Island -_------- 359 
A n River_.__...-.-- 355 | Alistro.........--- ---- 347 | Anchor Island._..._---- 362 
Ahui Point_._......__-- 338 | Alki Point_...._____-__- 334 | ——, Point___.__.-_---- 333 
ANUMT 23 25.G8e kee So8. 361 | Allan en hiya Mantas 330 | Anclote Keys____...---- 332 
ADUS3e 2... Geese A 342] Alleppi__.__.-.-.-...._-- 353 | Ancona...__...-..----- 348 
Aigues Mortes._____.__- 347 Alligator Reef_ Bie Sater et aed 332 | Andaman Island-..- - - --- 354 


Aiguillettes Harbor------ 329} Allirahu_...._-.....-_-- 343 | Andenes______..__.---- 341 
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PLACES—continued 
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Andros Island- - - - -- 335, 349 | Ari Somu__._--....----- $08 | DAR. oes scl osc 355 
Anegada de Adentro Reef_ 332) Arista_--_-..-.---------- 334 | Baago Island__....--.-- 344 
Anegadiza Point. -~.--.-- 338 | Aristazabal, Cape- -_---- 337 | Babbage Island.-__-.-__-_- 362 
Angamos Point--------- 338 | Arkhangel__-_..._-- 341, 363} Babi Island__..__...-__- 355 
Angaur Island---------- 359 | Arklow_..------------- 341] Bacalhao Island._._.____ 329 
Angeles, Port_...------- 334) ATkO- 222 ceecetesu sti 342 | Baccalieu Island. ..____- 329 
Angra Pequena-._____-- 351 | Arkona, Cape-_..----.--- 344 | Baccaro Point.._._..__- 330 
Anguilla Sita te a aie ana 335 | —— Island_..._....---- 357 Backofen_..____.__.____-_ 343 
Anguille, Cape_--------- 330 | Arma, Cape ooo e nee ----- 347 Bacopary, Cape._-...--- 336 
rep ee [eee coopera i 
olt isiand._----.---- rmegnon-.-.-.--------- Bagacay Point_---.----- 355 
Ann, Cape...-.----..-- 331| Ar Men Rock_...------- 315) Rasanigvos 352 
Annapolis. ....--.------ 332 | Armenisti, Cape--__------ 349 | Bagan Datch__..__--__- 354 
Annisquam, Harbor- - - - - 331 | Armi, Cape_____---~---- 348 | Bagatao Island__._____- 356 
Afio Nuevo Island------ - 334| Arnala._......__----__- 353 ot Bluff_..........__. 329 
Anori Saki. -.-.-------- 359 | Arnares____-.-.-------- 363 Island__...._._- 335 
Anorombato Point- ~~ --- 352 | Arnel, Point_---.._----- 389| Bahia. ......_.._..____. 337 
ANPel 2. esti sce seuss 357 | Arroyo___--.----------- 335 | Bahia Blanca__.___----- 337 
Antibes. -__------------ 347 | Arrozal..___-.-..------ 336 | Bahia de Cadiz, Cay___-- 335 
Anticosti Island_-. ------ 329 | Arsuk....._..---.------ 363/ Bahrein...____.._...__. 353 
ue Cape d’_.__----- 345 | Arthur, Port_...---..--- 357 | Bailique Island-_-__----_- 336 
Antigua._-.._--.------- 335 | Arthurs Seat__-.-.------ 361] Baker Island_______- 331, 358 
Anti "Paioe Island_.-_.--- 349| Aru Bank..--..-..-.--- 355 | Balabac Island __..._.__. 355 
Antique....=--...-...--- 356 | —— Island_..._..---_-- 360 | Balabalagan Island____.__ 355 
Anti ONsu oi sescs se 349 | Aruba Island_.-...----.- 336 | Balache Point_.......__. 331 
Antiv@fl.<i.ccssccecees 349 | Arvoredo Jeland__._...-- 337] Balamban.____.....____ 355 
PN NO ios: ena ret oer as 358 | Arzeu Islet_..._......-. 350 Balambangan..-....---- 354 
Anton River_.....-.---- 334 | Asadang Prapakar--.---- 356 | Balanacan....._.__..___. 356 
Antonio River....-.---- 352 | Ascension Island. ___._.- 339} Balayan_....._.___----- 356 
Antsirana _.....-.------ 352 | Asenvagoen.___.____._.- 342] Balboa....._..__...._._. 334 
Antung..-.......------ 357 | Ashburton Road_....--- 362] Bald Head________..__. 332 
Antwerp. .-..---------- 345 | Ashika Jima_._...__.._- 359! Balea Point__.._______- 337 
Anvil Point_.___._..---- 339 | Ashizuri Misaki.._.____- 359 | Balicasag..........____. 355 
Anzio, Cape d’_...-.---- 348 | Ashrafi Reef.._......_-- 352] Bali Island_......______ 354 
Aoga Shima. -__....-_--- 360 | Askold Island__________- 357 | Baliguian Island_____--- 356 
Aomori. .....-..------- 358 Peet aaa Point_..---. 349 | Baliscan Island__._____- 356 
Apalachicola__....-.---- 332 | Assateague Island... .._- 332| Ballarta, Puerto__._.____ 334 
APIO eee at ess 360 reat Saas a rs ns 344| Ballena Point.....------ 339 
Apo Island.......-.---- 355 | Assini............._-_.- 351! Balleto Point..___._..._- 334 
—— Reef___.____._---- 356 Astholmaudde Sheeran es 342] Ballum___..__._..._._.___. 344 
Apple River.._...------ 330} Astokos____......--.__- 349 | Ballycottin._......._-.- 341 
Aquila Point_._......--- 347 | Astrolabe N. Reef_____-_- 360 Balta Island._._..._.___ 340 
Apra, Port...---.------- 359 Atafu Island_......____- 360] Baltimore_____.___- 332, 341 
Arabusheren, Cape-.----- 343 | Atalaia, Point.....____- 336 | Bamboo Island_...__._. 358 
Aracaju_...------------ 336 | Athens_...-_.......___-- 349 | Bana Point_..._....__-- 347 
Aracaty....------.----.- 336} Atico Point__.......__-_- 338 | Banawaija._._....-_-__-_ 355 
Arago, Cape.___.------- 334 | Athol Island__......._.- 335 | Banda Point__......---- 334 
Aran Island..__..-...--. 341| Atka... 22-22 333 | Bandar Abbas__.________ 353 
Arangasa Island_._-_---.- 355 | Atoiya Misaki.......__- 357 | Bandar Point_......__-- 354 
Aransas Pass____.-.---- 332 | Attu Island_____.___-__- 333 | Bandar Alulu____.._____ 352 
Araras Islet.......-.-.-- 337 | Auckland___..._._-..... 361 | Bandholm____.......--- 344 
ATOX08:. 26 24 occ Se ee 349 | Audierne_-.......-..--- 345 | Banga, Port......------ 355 
Arcadian Islands-. ~~ .-.- 335 | Augusta__........-.--.. 348 | Bangkok_._.__...----.- 356 
Arcas Cays_._....------ 332 | Augustenborg.......-.-- 344 | Bangor__.......--.-..-- 331 
Arch Point.....----- ... 333] Auki Harbor_......__.-- 360} Bangs Havn.---...---.- 363 
Archer Point....--.---- 362; Aunuu Island.__-_-.-.-- 360 | Banjintai Bi-.........-- 357 
Arcipres Grande Pt-_---- 351} Aurora__...--..------.- 363 | Banjuwangi-__-......--- 354 
Arctic Institute Islands... 363] Auskerry Island___....-- 340} Banka Island___....-. - 354 
Ardglass...-..--------- 341] Austervag.........-.--. 363 | Bankot.....-.....----- 353 
Ardnamurchan...--__- .. 340] Austral Telande Se en ee 360 | Banks, Cape___......... 361 
Areia Larga Point-.---.-- 339 | Aux Choix.......-.--.- 329 | Bansering_--.....-...-~- 354 
Arena Point....-.-- 334, 338 | Aveiro__-.-..--.-.---.- 346 | Bantry Bay..-.-..._..- 341 
Arenas Cay........----- 333 | Aves Island_._.......-.. 336 | Baracoa, Port..........- 335 
POinto2 2.2. agecs 337 | Aviles. .....-..-..---.. 346| Baram Point____--_-__- 355 
Argostoli, Port... ...---- 349} Awarua Harbor__....... 361} Barataria Bay --..-.-..-- 332 
Arguello Point.._----__- 334 Bay......-.------ 351| Barbados_-.__-------_-- 336 
Si ai al Oh ah oe toes 338 | Ayabela_............... 331] Barbers Point.._.....__.. 360 
pe P0ibtscecesetcce 339 | Ayr Harbor__--.....-... 340 | Barberyn....-....--..-- 353 
Arisaig Point._...------ 329 | Ayre Point._......--..- 340} Barbuda. .__._....._--- 335 


MARITIME POSITION INDEX TO APPENDIX IV [Page 367 


PLACES—continued 

Page Page Page 
Barcelona._.-__.._._-_- 347 | Beirut. .......--.__.__- 350 | Blanca Reef._._._.___-_- 332 
Bardsey Island__.______- 340 | Beit Harbor._._.______- 353 | Blanche, Port_......____- 362 
Barfleur-Gatteville, Cape. 345 | Bel-Air-.__......._-..- 352 | Blanco, Cape_.- 334, 337, 351 
Barhoft___....-....___- 344} Belen Bank___.________- 338 COG i Fis Pe 335 
St Vy See ene nes es Cn caren 348 | Belfast..........._- 331, 341 | Blankenherge___._._.__- 345 
Barima, Point_._._._-_- 336 | Belgrano, Port ___...__-- 337 | Blanquilla Reef__._.___- 332 
Barletta___.__...______- 348 | Beliao Island_______-_-_- 360 | Blaze, Mount_._._-_-__- 362 
Barnard Islets__.....__- 362 | Belize._......._..__-__- 333 | Bliss Island.____---_-_-- 330 
Barnegat Inlet__________ 332 | Bell Rock____._______-- 340 | Block Island__....._-__- 331 
arns Ness____._._____- 340 spel Cape._...._- 347 | Bluefields Bluff__.._.__- 333 
Barnstable__...___.___- 331 | Belle Ile..._-_-._--__-___ 345 | Bluff, North.__...__.--- 361 
Barrack Point__.._____- 341 | ——— Isle.......-_._-_.- 329 | Blyth._.........--..--- 340 
arra Head___________- 340 Belledune, Little......-- 329 | Boa Nova______-_-_-_-- 346 
Barra Lagoa__________-- 337 Imont__.... 2. ---- 337 Vista Island__._._- 339 
Barranca, Second.__.._-_- 337 | Belo Pulo_.___-_____--_-_- 349) B0a@.c coe cee 356 
Barra Ulead la Pt... 336 | Belvedere__._.._..____- 341 | Boars Head.......----- 330 
Barrenjoey Head-_---_-_-- 361 | Benat, Cape________-_-_- 347 | Boar Island_...__.-_-.-- 330 
Barrera, (Bais PeLeynenen cennees 356 Bengasi Deane ee Ree re 350 | Boavista Island_-_-___-.-__- 339 
Barrow Point ....._.__. 333 | Bengtskar____________-_- 343 | Bobowasi Island-_--~_-_-- 351 
Barseback._...._._____- 342} Benguela_____._._.____- 351 | Boca Spelonk__..__-___- 336 
Baruva_.___..._-_..-_-- 353 | Bengut, Cape_________-- 350 | Bocas del Dragon- .-_-__-- 336 
Basdorf______..._.___-- 344 | Benkei Balt oe 358 | Bocas Grande Island__._ 355 

Bashee River_____.___-- 351 | Benkulen_____.._______- 354 | Bodie Island____..-.-_-- 
PasiGU sn sit 353 | Beppe Tuccio___...___-_- 350 | Boeton Boetona__.__-__-_- 355 
Basque, Port___.....__-- 330 | Berbera____..________-_- 352 | Bogo_..___--_-_---_- ee 355 
Bass Rock___________-_- 340 | Berdyansk____________- 349 | Bogskaren_....._...._-- 343 
Bassein._-_._..______-- 353 | Berens Island__.._____-_- 334 | Boi Point. _._._...-_.--- 337 
Rivefecccoccceecws 354 | Bergen_....___.-__- 342, 344 Hojesders Cape.._._.--- 356 
Basseterre._._.......--- 335 Berhala Island__.___-_-- 354 | Bokel Cay___.._...__-_- 333 
Bastia. ........._._-_-- 347 | Berkeley._...._-___-_-- 334 | Bokfjord_...-.....------ 341 
IBAtA. oo ec el 351 | Berlenga_____.___._-_-- 346 | Bolinao, Cape_...------ 356 
Batabano. __________--- 335 | Berlin. ..-----_---____- 345 | Bolivar Point__.....__-- 332 
Batag Island_____._-_-- 355 | Berry Head____-__-- 330, 339 | Bom Abrigo..---.------ 337 
Batan, Port.__._______- 356 | Bertioga_____....__-_-- 337 | Bombay. .______-.----- 353 
Batangan, Cape_______-- 356] Berwick___.._._..__-_-- 340 | Bombetoke Bay-.-_.------ 352 
Batangas_____..____._-- 356 | Betty Island___.._._-_-_- 330] Bon, Cape._.._--------- 350 
Batavia_.._..._._-.._-- 354 | Beverly_...._._..._---- 331 | Bona Island____.._._--- 334 
| 5 «Ree 331 | Bhatkal__.-.___.____-.-- 353 | Bonaire Island_______--- 336 
Bathurst. _....._.---_-- 351] Bianche Point..._.__--- 348 | Bonaventure Point ._---.- 329 
Point.________--_- 362 | Biarritz.........____.-. 346 | Bonavista, Cape__._-..-- 329 
Battery Point_...._.__-- 330 | Bideford_._._..____---- 340 | Bonden Rock_-__...-_--- 343 
Batticaloa__._..._._.-- 353 | Bien Shon Island_-_--_---- 356 | Bone_____--.---.--.9.. 350 
Batty Bay_...___._-_-- 362 | Big SUDPIBBD a osecus 329 | Bongao____-.-.-------- 355 
Batuba Point__..__._.-- 337 | DUDARO2 ooo eee 346 | Bonham Island__.------ 357 
Batumecso sks celts 350 Bilbo Strait.....-...<. 355 Poe Island_......--- 358 
Batu Tinagat.__....___- 355 | Bill Hook Island__-._-__- 331! Bonin Islands_.....___-_- 360 
Bauld, Cape______.--_-- 329 | Bille, Cape_____.._____- 363 | Bonita Point......._-_- 334 
Baumette, Point ies tetas dass 347 | Billiton Island______.___ 354] Bono Misaki____....__-- 359 
Bawean Island ee ene 355 | Biloxi............._.... 332] Bon Portage Island__---- 330 
Bay Bulls.....___.___-- 329 | Bimlipatam.._.____-_-- 353 | Booby Island_--__-_-_- 335, 362 
Bayfield_.........---_-- 331] Birch Point___.._.__-__- 329 | Boompjes Island____---- 354 
Bay of Islands. _____._-- 333 | Bird Island_______-- 339, 351 | Boon Island____--_-- Sukie. COL 
Bayonne_-____.____.__-- 346 Rocke eee See 335 | Borda, Cape__.....-..-- 362 
Bazaruto Island___.___-- 352 | Bishop Rock________---- 840 | Bordeaux. ._.-----_-...- 346 
oint...._.____-- 331 ]—— —— S___._____---. 340] Borin..._....----..-.-. 363 
Beachy Head...___.._-- 339 | Bismark, Cape______-_-- 363 | Borinquen, Point._..---- 335 
Beacon Island. _______-- 353 | Bixo Point_...._.__-__- 337 | Borkum________.------- 345 
Beale, Cape___.__-.-_-- 334 | Bizerte__...-._..-._.---- 350 | Bornholm Island____---- 343 
Bean Rocks...___._._-- 361] Bjarnarey Island_-----_-- 363 | Borongan__..--.------- 355 
Bear Island__.._...._.-- 363 | Bjorn____.---__-------- 342 | Borose Zaki_-_____-___- 358 
Cape_.....__-- 331, 347 | Bjornoya (Bear J.)__--_-- 363 | Borup____.--------_--- 344 
Rearcove | Point. __..---- 329 | Bjurokluub_________---- 343 | Boston___._-_---------- 331 
Beaufort. -......_..-_-- 332 | Blaavands Huk_____-_-_- 344 Island____------_-- 362 
Island___..__..._-- 358 | Black eit eRe sae 340, 341 Pointus cectcccecee 362 
Beaver, Harbor___-__.--- 330 OOK sala. 340, 341 | Bossut_____.__._.-.-.-- 362 
slands________._-- 330 | Blacknore_______.__---- Botafoch Island_______- « 347 
Beavertail._......_.__-- 331] Blair, Port.....-...---- 354 | Botticella Point_.._____- 348 
Bedout Island_________- 362 | Blane, Cape___.___--.--- 330 | Bouc, Port__-_.-------- 347 


Beecroft Point...._...-- 351} Blancas Island__..._..-- 337 | Bougainville Island_--- -- 360 
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PLACES—continued 
Page ° Page Page 
Bougaroni, Cape---.---- 350 | Buholmrasa........___- 341} Calantas Rock.._._._._- 355 
Boughton River__.__-._-- O30) (BUR Scoops lsc sete 344 | Calapan._...__..----___ 356 
Boulogne__.......-.---- 345 | Bulan___..-_...-.-.---- 356 | Calbayog.-.......-..__- 355 
Bounty Bay_-..-------- 360 | Bulari Pass_.........._- 360 | Calbuco, Port........___ 338 
Bouvet Island______---- 339 | Buleleng....-_...--_-_- 354'| Caleanhar, Cape. .___-_-_- 336 
Bovbjerg. ..-.---------- 344 | Bulk Point.__.._..-.__- 344 | Calcasieu Pass-__-_-.__- _.. 332 
Bowen, Port.._....----- 362 | Bull Point......___- 339, 340 | Calcutta__.__......___- 353 
Bowlder Bank. -.__.---- 361 ROCK 4-202 cncl he Caldeira Point__.....__- 352 
Bowling Green, Cape_--- 362| Buller River.-......._-- 361 | Caldera._...----------- 338 
Branca Island____.-.--- 7| Bulolio Reef_..._.____-- 355 | Caldy Island___.._.___- 340 
Brandaris_........----- 345 | Bunbury..-...--__-__-- 362; Calella_...__...-----_ _ 34 
Braunton Sands__.------ 340 | Bundegi___.._..._.._-_. 358 | Calicut.......-.-----2. 353 
PAVE ee eg here B02) DUI ae bercent one 3e 344 | Calimere._.__.......___ 353 
Island__..._------- 339 | Burgess Island__.__.__-_- 361 | Callao. __._____--_--__. 338 
Point...---.------ 336 | Burghaz._---..----_--. 349 La Punta de_______ 338 
SP PUntheewest es eos 337 | Burail Bay._._-_-.-_--- 360 | Caloundra Head_..-_.__. 361 
Brazos River___-.------ 332 | Burica Point_......-_--- 334 | Camamu._.._.-..--..-- 337 
Santiago____..-._.- 332 | Burin Island_....._.__-- 330] Camarat, Cape____--._- 347 
Breaker Point- - - --- 357, 360 | Burj el Kelb__.-.-_.___- 350 | Camargue, La____._.__- 347 
Breaksea Island_----- ---- 362 | Burra Point. ----..----- 352 | Cambridge. ___._.-- 331, 339 
Bremerhaven_-_...----- 345 | Burriana__.._...-...-_- 347 | Cami, Cape____-._-___- 356 
Bremerton.-__..-.-.---- 334 | Buru Island-_-.-.-.___-- 355 | Camocim River_.._.___- 336 
Bromo ooo sete ce 342 | Bury Holme-_--_--._----- 340 | Campanella. __..__.____ 348 
Brescou 2. <.+-4-222-5- 347 | Busby Island_-_---_- .-- 333 | Campbell, Cape-_-_--_-__- 361 
BIOs sec. ees 345 | Bush End Point__---__-- 361 | Campbelltown_-__.____- 361 
Bressay_.....---------- 340 | Bushire__-..-----.----- 353 | Campeche._._..-.----.- 333 
Breton Cape Island__-_---- 331 | Busselton_-_--.-------- 362 | Campos, Punta de-_-___-_- 334 
COBY ere te scl 335 | Bustard Head-_------.--- 362 | Canada Bay.--.---.---- 329 
Brett, Cape......-_.--- 361} Busum______--.-----.-- 345 | Canaveiras Point--_-_._-___ 337 
Bribie Island__......--- 361 | Butt of Lewis___----_--- 340 | Canaveral, Cape---_----- 332 
Bridgeport Harbor. - --_ .- 331 | Button Rock. -._._.._-- 357 | Candon Point_...-.___-- 356 
Brig Point___.......-__- 330 | Button Islands___-__._.- 362 | Canet__.._.....-.---_-- 347 
Brightonsceccd. cece sess 339 | Byelkin, Cape________-_- 357 | Cani Rocks_.._.-____..- 350 
Brier Island_.____--.--- 330 | Byron, Cape_-..-._-_--- 361 | Canigao Island______.._- 355 
BYiNdisl2ce2 cbse asia ae 348 Canimo...___..-------- 356 
Brisbane.__.-.._.--_---- 361 | Caballeria, Cape- -_---_-_- 347 | Cann Island_.__._--.-__- 329 
Island_____...._--- 355 | Caballo Island__.__-__-- 356 | Cannes____-.---.------ 347 
Bristolon co. osc 340 | Caballos Point.....-._-- 333 | Canoan, Port....-..---- 355 
Mery secu 331 | Cabafias...-.--__------ 335 | Cansado Point... -- Beaune 351 
Broad Cove.._-_.------ 330 | Cabbage Harbor Head... 329] Canso Harbor. __--_--_-- 330 
Broadhaven.-......----- 341 | Cabecudas Point_------. 337 re) «f° ee 331 
Brock J_.-_------.------ 363 | Cabeza de Perro- ------- 835 | Cantick Head_....--.--. 340 
Broke, Philipp, Cape..._ 363 | Cabezas Puerto- -------- 333 | Canton_.._---.-------- 357 
Brook Islands...._.-.--- 362 | Cabo Falso____.----.--- 334 Island_.._...---.-- 360 
Brookes Point__.------- 329 RAPOr sts cuceedac 338 | Capstan, Cape---------- 330 
POOMC. csc cee csies 362 San Jorge_-..------ 337 | Cap d’ Espoir___-------. 329 
Brothers Lighthouse- - - - - 354 | Cabra Island- ------ 335, 356 | Cap de Rabast__....---- 329 
Brother (S.) Island_----. 354 | Cabras Island_-- -. --- 335, 351 | Cap des Rosiers.. -_..-- 329 
N.) Island. _..___- 352 POMscioeseien ces 339 | Cape Haitien__.__-_---- 335 
Brown Island, N_.------ 358 | Cabrera Island_-_-----_--- _347| Capellinhos Point------- 339 
Bruce Point. -.-_.-------- 357 | Cabrillo Point----_----- 334 | Cape Breton Island__---_- 331 
Brullos, Cape._--------- 350 | Caccia Cape___-.-..---- 347 | Cape of Good Hope--.--_- 351 
Brulos, Cape_._-------- 350 | Cachalot Head___.-__.-- 361 | Cape Sable Island__----_- 330 
Brunet Island__....._... 330] Cadagues__-_-.-.------ 347 | Cape Town_.-_---.------ 35 
Brunswick_..._....--... 332] Cadiz_._...------------ 346 | Capim Island.-..--.---- 336 
Bruny, Cape_.__-.---.-- O62) CaGne oc used ccodonsc ce 345 | Capitancillo Island - --- -- 355 
Brussels (Uccle)...._--.-- 345 | Cagayan__..-_..------- 355} Capiz Harbor_..-------- 356 
Brusterort_-._.--------- 343 | Caglairi......---------- 347 | Capones Island_------_- 356 
Brynjulfskjaer__......-- 341] Cahp Rocks. -._.------- 353 | Capo d’Istria.-.-------- 348 | 
Buchanness___..-------- ’ 340} Caicos (S.) Island_--.__-- 335 | Cappuccini-__-.-------- 348 
Buck Island_.....--.--- 335 | Caiman Shoal__._-_--_--- 356 | Capraia_...------------ 347 
Buddonness__....------ 340 | Caiova Island_------..-- 337 | Caprara__..-.-.-------- 347 
Budua, Port__.-_--.---- 349 | Cairns Harbor. ___.._..- 362 Island_._...------- 345 
Buenaventura. -__...---- 338 | Cairo._.....----------- 350! Capri Island_...__...---- 348 
Buenos Aires......-..-- 337 | Calabazas Island--_-_----- 356 | Capricorn, Cape.-_-.---- 362 
Buen Tiempo-__._.__-.-- 337 | Calaburras, Point ------- 346 | Capul Island..--------.. 355 
Bugones...-----.------ 341 | Calais_......_----- 331, 345 | Caraques Bay. ...------ 338 
Bugio Fort...---_------ 346 | Cala Figuera, Cape--.--- 347 | Carauassu Island._.__-.. 336 


Bugui Point_.__..------- 356 | Cala Naus__------------ 347 | Caravelle Peninsula - - ~~~ 336 
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PLACES—continued 
Page : Page Page 
Carbon, Cape-_._-.------ 350 | Celestun.....-....----- 333 | Chinnampo-.-___..____-- 358 
Carbonear Island_.._-_--- 329 | Center Island_.________- 361 | Chinwangtao___..._.... 357 
QPdiff oe oo co seers s 340 Peak Island__-_-_-_- 352 | Chioggia_-_..---.-.---- 348 
eon Head_..-..----- 334 | Cerro Santa Ana_______- 338 | Chipiona____...-.....-- 346 
and_______-___-- 335 | Cerro Verde_.....--_._-.- 338 | Chiquilim Point.._._.__. 353 
Cardona Island. _..-_.-- 335 | Cesenatico___._.._.__-_- 348 | Chisik Island......___-- 333 
Cartwright Harbor------ 329 | Cette (Saéte)___._-_-___- 347 | Cho Do_____..-------.- 358 
Carenero__.....-_--_--- 336 | Ceuta___._..__..__-_--_- 350 | Chonjin Bay.....-_...-- 357 
Carentan_.._.....--_-_- 345 | Chacachacare Island__---- 336 | Chop (W)__.-..-------- 351 
Carena, Point._...--_--_- 348 | Chacon, Cape_.._._____- 333 | Chorago Somu__-_-___-_-- 358 
Carey Islands---.----__- 363| Chahbar___..-----_---- 353 | Chosan Bay._______---- 357 
Caribou Point_..-.-.-_- 329 | Chalien Tao__________-- 357 | Christianshaab-_-__....___ 363 
Carleton Point....--.._- 329 | Chamisso Island_______- 333 | Christianso Island_-_--_-- 343 
Carlingsford Lough_---_- 341 | Champerico___.______-- 334 | Christensen Peak_--_-.--- 339 
Carloforte.......------- 347 | Champoton River- -____- 332 | Christmas Harbor- --- - .- 359 
Carmanah..._...---.--- 334 | Chanaral___..._._.-__-- 338 6402 cv cesauebest 330 |. 
Carmel Mountain- ------ 350 | Chance Harbor- -_-_____- 330 Island____._.---_.- 359 
Carmen Island__----..-- 332 | Chandeleur__._.__._-__- 332 | Chromarty_._..._..---- 340 
Carnarvon... .-..------ 340 | Change Island__.______- 329 | Chugach Island__-_____-_- 333 
Carnero Point_____--_--_- 346 | Changii Kutsu___._____- 357 | Chui River.._._....--_- 337 
Caroline, Atoll.......___ 360 | Chanjiku Channel_-__~._-_- 358 | Chuluwan Island___--_.__ 352 
Islands__._..._------ 359 | Channel Island_______-_- 333 | Chumbe_ ______-_------ 352 
Carousel Island. -__--_._- 329 Northwest___.____- 335 | Chumonjin Kutchii__.-.. 357 
Carquinez Strait. .-.--_- 334 | Chanonry Point_______-- 340 | Churchill..........---_- 362 
Carranza, Cape.-_-_.-.--_- 338 | Chapel Island_._...___-- 357 | Chut Point Bee ees tlie 356 
Carriacou Island... -.--_- 336 | Chapeo Virado Point._.. 336} Chu To_.__..._...-.--- 358 
Cartagena_-_-_-.---- 336, 346 | Chapman Island_-___-__- 362 | Chui River_.._...-_---- 337 
Carteret, Cape___-----_- 345 | Charbar___.___..______- 353 | Ciboux Island__--..--_- 331 
Carthage, CEp6scorescGs 350 | Chardak, Cape.-._._._-- 350 | Cienfuegos. --..-------- 335 
Carupano....--.------- 336 | Charles, ‘Cape perk Echt a ae 332 | Cidreira___.....-------- 337 
Carvoeiro, Cape-_-__---_- 346 POINGs occ ec sen ues 362 | Ciguena Point__.-..--_- 337 
do Algarve, Cape... 346] Charleston..___.____.--. 332 | Cima Islet_----_-------- 339 
Carysfort Reef__._.._-_- 332 | Charlottetown Harbor___ 331] Cingani__....---------- 352 
Casablanca.------------ 329 | Chassiron Point__------- 346 | Ciotat___.._-.------ a--- 847 
Cascumpeque Harbor_... 331] Chat, Cape._._-_...._.-- 329 | Circeo, Monte--_------.- 348 
Casquets.____..-.-.-.-- 341 | Chatham_______-__.__-- 331 | Citadel Island_._-.-.-_- 361 
Cassie Point........-_-- 329 BGYsccesoces seca 359 | Citta Vecchia___...---_- 349 
Cassis_.._...._._.___-- 347 Island__...-..__--- 359 | Civitavecchia. -__---_.-_- 348 
Castel di Mezzo..___---_- 348 | Chaudinski__.....______ 349 | Clare Island___..._..._- 341 
Castelhanos Point------- 337 | Chausey Isle____.______- 345 | Clarence River_-.-.--... 361 
Castellamare__._..._-_- 348 | Chebipaui Rocks-_------.- 358 | Claromeco__...--------- 337 
Castellon de la Plana_... 347 | Chebucto Head_-_______ 330 | Claushavn._._._.-.---.. 363 
Castle Island__._..____- 335 | Cheenik__......._..___- 333 | Clerke Island_--...-.---- 362 
Point.._..___- 351, 361 | Chefoo._.._.--. 2-2 Lee 357 | Cleveland, Cape. -----.- 362 
Castries Bay_.._.-..---- 357 | Cheki To_...._..____--- 358 | Clifford Island____.----_. 358 
WOM 3 2 otk ee 336 eal Cape____.-- 363 | Cliffy Island_.....------ 361 
Castro Rumelia____.___- 349 | Chemulpo_____..__.__-- 358 | Clipperton Island------- 359 
Castro Urdiales____..._. 346 | Cherbourg.__..__.___.-- 345 | Cloates Point__...----_- 362 
Cat Island._....__.___- 332 | Cheribon________.___--- 354 | Cloch Point_..--.-----_- 340 
Catania____.__.....-._- 348 | Cherni, Cape___...___-_- 363 | Clonard, Cape_.__------ 357 
Catbalogan__.___...__- 356 | Chesmenskoi-____._____-- 341| Clyth Ness.......----_- 340 
Cato Island___________- 360} Chester__._..__-__.-__- 330 | Coachman Harbor.--_---_- 329 
Catoche, Cape___._..__- 333 | Cheticamp Island__-_--- 331} Coast Castle, Cape. -_--_-__ 351 
Cattare. to: cocoon 349 | Chiappa Point_.......--. 347 | Cobrador Island_- -~---_-- 356 
Cauit Point.._...-.___- 355 | Chichi Jima____._._____- 360 | Cocanada River_._.-_----- 353 
Caves Point_..__.-___-- 352 | Chichagof Harbor. _____- 333 | Cochin_.....-.-s2---.-.% 353 
COVItG soo ee ah ccce es 356 | Chicken Rock______-_-- 340 | Cocos Island__._.... 352, 359 
Cavoli Island__._.______- 347 | Chikhachev Island_.--_-_- 357 | Cod, Cape______-------- 331 
Caxine, Cape_______.__- 350 | Chikyu Misaki__....___- 358 | Coffin Island__.._-_..--- 330 
Cay, Southwest___.____- 333 | Chilachap__._._---_---- 354 | Cohorn Island_.._.._--- 338 
CAVeus soc cn cee ve 345 | Chilang Point__.....__- 357 | Coimbra___._..-------- 346 
Cayenne. ________-____- 336 | Chilcott Islet__..._____- 360 | Cole Harbor___.__.----- 330 
Cayman Brac.____._-__- 335 | Chiloe Island______.__-_- 338 | Coles Point........_---- 338 
Cayo Island_....._....... 351] Chiluan Island_________- 352 | Collinson, Cape._..----- 357 
Cazza Island__._..__.-_- 349 | Chimatao aaaumeaonss 357 | Colombo. -.------------ 353 
COSTA se oes le 336 | Chimbote__._____---_--- 339 | COlOn =<. ost ete dee 333 
Cebit 4 bee oe 355 | Chincha Island____.-_-_- 338 | Colonia___.......-.-.-- 337 
Cedar Keys... _._.____- 332 | Chinchorro Bank______-_- 333 | Colonne, Cape.__-_---__- 348 


Cedeira__--._-.-_-- _.-- 346] Chinde, Port_---_-. ee 352 | Colorado Point- - - -- 336, 356 
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Columbia, Cape..._____- 363 | Creus, Cape._._._.-.__- 347 | Deer Island_....._._____ 358 
Columbretes Island_..-.- 347 | Crew, Cape.......-.---- 339 | Defosses Point_____.___- 357 
Comboyuro.____--____._- 86] | CPUisICsc sec eeteeot ee 346 | Delagoa Bay___________ 352 
Comiran Island_-___.___- 355 | Cromer. -.-- febeei eee ae 341 | Delgada, Punta_--_-_____- 332 
Comorin, Cape__---..-_. 353] Cromwell Point_-_~-_-_- 341 | Delgade Point.._______- 338 
Comoro Island_.._____.. 352 | Crooked Island_.-______- 335 Del ado, Cape..-______- 352 
Compare, Cape_-__-_---- 348 Reach. --2.c-ece 338 Hague, Cape_____ 345 
oncarneau___--_------ 345 River ocesoeccuecse 332 Heve, Cape-_-_____- 345 
Conceicao____._.-_____- 337 | Crookhaven River---_--_-_- 361 | Dellimara, Point__.____. 348 
Conception, Point___.__- 334 | Cross Island__......_--- 330 | Denia._.....-.-._.-___- 347 
Condore Island__-______- 356 | Croucher Island__---__-__- 330 | Dennis Island________.._ 352 
Cone Hill_.__.--_-__-_- 338 | Crowdy Head__..---_--- 361 Ness__.__..--____. 340 
Conejera Island______._- 347 | Crowley, Point... ._-_--- 333 | Denouel Point_________- 360 
Constantine Harbor_._.. 333] Cruz, Cape._.-._.----_- 335 | Dent Island. ______.___- 362 
Constantinople._____._-_- 349 Cruz del "Padre Cay-.--- 335 | Deogarh.__-.__._____-- 353 
Constantza_.-_._-._----- 349 | Cuddalore__....-------- 353 | Depot Key_._...______- 332 
CONCIB He ttre sess al 346 | Culebrita Island - - - - ---- 335 | Derbys Wharf. _______- 331 
Cook Bay____.--_------ 360 | Culion Island-_---------- 356 | Derna_______-.________- 350 
Island__.__.___--_- 359 | Cullera, Cape... .....--- 347 | Deseada Island. _______- 337 
Islands__._.___.-_- 360 | Cumana.___....------- 336 | Deseado, Port__....____- 337 
Cooper Key, Cape-.----_- 338 | Cumbrae Island_-----_--- 340 | Desirade Island_________ 335 
Copenhagen_-_-_-__---_- 344 | Cumplida Point__------- 339 | Destruction Gully______- 361 
Copinsay_.....--------- 340 | Cupino Beach-_--------- 336 Island__..__.____.- 334 
Copper Islands_____-_-_-_- 333 | Curacao Island- -------- 336 | Devil Island_____._____- 330 
Coquet Island --__--- 340, 362 | Curaumilla Point-_-_--_- 338 Point. ...._____--- 335 
Coquille River__....--.- 334 aedaee: Cape oe recn eae 337 | Devonport. _-_._____--- 362 
Coquimbo_._...-..----- 338 | Currie Harbor. .__--_--- 362 | Dewakang Besar Island.. 355 
Corbelin Cape__..._---- 350 | Currimao--_--.-------- 356 | Dhu Reef.__...___.-_-_- 362 
Corbiere Rock_______-_- 341 | Currituck Beach-----__-__ 332 | Diamond, Head. --_--_--_- 360 
Cordouan Rock_._.__-__- 346 | Cutler Island_-__-.------ 330 Island__.___..___.. 354 
Corfu._._..._..---.--_- 349 | Cutthroat Island_-_-_----_- 329 Point...._._____.- 354 
Coringa Island___-___-__-_- 360 | Cuttyhunk___.____-___- 331 RoCk.cseceeeee 335 
Corinth.___...----_-._- 349 | Cuvier Island__-------_- 361] Diana Cay.__.________- 335 
Corinto. _........-.---- 334 | Cuxhaven......-------- 345 Diaz Point._.......__-- 351 
COP eee sear Nk ee 341 | Cuyo Island___._-..---- 356 | Dickson, Port______- 354, 363 
Corny Point._-_..__---- 362 | Cyprus Island- ~~ --.----- 350 | Diedrichshagen - - ___-_- _- 344 
Corona, Punta_.___---. . 338 Diego Suarez Bay... ---_- 352 
Coronados Islands-_--.--- 334 | Dabhol, Port_._._.----- 353 | Diemoer Island-_.-_____- 354 
Coronation Island_.------ 339 | Daedalus Shoal___.___-_- 351 | Dielette, Port de_._____- 345 
Coronel Bay___._------- 338 | Dagerort.......-------- 343 | Dieppe.______.__-_____-- 345 
Corral, Port._......---- 338 | Dagupan._.-.-..------- 356 | Difnein Island_________- 352 
Corregidor Island__----- 356 | Dahakit Point.___.-_--- 355 | Dilhi Harbor... __.-.--- 355 
Corrientes, Cape___.._-- 334 | Dahmeshoved.-...-.--_- 344 | Dillon Bay.__._.______- 360 
Corrubedo, Cape.._..--- 346 | Dairen_.....-..--------- 357 | Dingen-Knan Point- ---_- 343 
Corse, Cape___...-.---- O4¢ | Dakar eee eG 351] Dio Island__..-._____-- 349 
Corsen Point_..__-.---- 345 | Dalatangi-_...-----_--- 363 | Diomede Island________. 333 
Corsewall Point.__-.---- 340 | Dalni Point....-..----- 357 | Direction Hill.....______ 338 
CorsiNisccs. 4 os eit 348 | Dalnoi Point....---_--- 333 | Disappointment Cape_ 338, oat 

Corumbao Point. ~~~ ---- 337 | Daman._-.--------.--- 353 | Discovery, E. Bank-. __-- 354 

COfmiNa nave ee weve 346 | Dame Maria, Cape- - ---- 335 ATOOP 25k 

Corvio Bank_...._------ 338 | Damietta.......------- 350 Island_.........__- 334 
Corvo Island_.._.-.-.-- 338 | Danger Point___-------- $01 | Dis 25s cee ecessaccse 353 
Cotabata_..._....-.---- 355 | Dangerous Reef._._--.--- 362 TICAO oo irk ett 353 
Cotinguiba River__-_-.--- 336 | Dannesbrog Island -- --- 363 | Divinubo Island--~_.____ 355 
Cotrone__......-------- 348 | D’Antifer, Cape._.___--.- 345 | Dix Cove... 2-2 ee 351 
Cotta Point......-.---- 353 | Dardanelles. __-...----- 349 | Djidjelli_..........__-__- 350 
Couedie, Cape._._.----- 362 | Dar el Beida__-___-._--- 351 | Dodd Island___.___..__- 357 
Country Island_____.--- 330] Dar es Salaam. -___.-_--- 352 | Dodding Head... ____.___ 330 
Couronne, Cape..._....- 347 | Darsser Ort....-------- 344 | Dog Island.____..._--_- 361 
Coutances......-.--.---. 345 | Darwin, Port__--.------- 362 | Dogs, Cape.....-...---- 329 
Covesea Skerries. ._._--- 340 | Dassen Island - - - -- ee O01 DOnRiosocul eae eee 353 
Cow Head_...__._------ 330 | Daugavgriva-.--.---.--- 343 | Domburg-..-----.----- 345 
Cozumel Island_-_....--- 333 | Davao___-.------------ 355 | Domesness-_-_.---.--_- 343 
Cozzo Spadaro_-_---.---- 348 | Davarr Island.....-_--- 340 | Dominica. ._.-_-__--_-- 336 
Cranae Island.._...-.-- 349 | Deal Island_..-.---._--- 362 | Domino Point_-.-_____- 329 
Cranberry Island._------ 330} De Bana. -_------------- 359 | Doom Island. _..--___-_- 860 
Crescent City_......---- 334 | De Bril Bank_-_-_-----.-- 355 | Don, Cape_._.__..._---- 362 
Creston Island____._---- 334 | Debundga Point.....-_. 351 | Donaghadee______.__--__ 341 


Crete. ck ss ececceceuce 349 | Dedeagatch..._....___- 349 | Doncella Point.--...___- 346 
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Dondra Head_--____---_- BOD Geis Kins bbc anbeees 354 | Espichel, Cape______.__- 346 
Dong Hoi River____----- 366 | Edinburg....-...4-6..4. 340 Espiguette 1 a oe 347 
ening son, OT ee 362 | Edis Hook........u...-.... 334 | Estaca de Bares________- 346 
ee here eae ire 356 | Edward, Cape___-_______ 332 | Este, Punta del_________ 337 
1 ae cnn eee 349 | a eae ata 331 Estevan Point.________- 334 
ee eo. | aE 344 Eeragh, Island ____..-_-- 341 Eten ae alsa eae nse is nt geo A he 338 
ee, ae 349 | Ffate Island__......____. 360 | Etienne, Port._....._-_- 351 
Double Island__ 329, 354, 361 Egedesmunde Ie eR ee Te 363 ee 354 
pended et Boe Cays__ EE 342 | Eunostos Point___----.-- 350 
moves, eenescwe 340 | Egg Island___--____- 329, 330 | Eupatoria___......-.--- 349 
el cin ae ee 362 TRO IM ONOG nc ncn. OOO ORG ancncsacantok suk oe 
ee EE ee eI 339 Point.............. 329| Huropa Point__...-..... 346 
ee ee ae 330 | Eggegrund_____--_______ 342| Evangelistas Islands-__-__ 338 
CS ee 349 Egmont, vane ie oa 331, 361 | Everard, Cape_-__---~-_- 361 
Danes, UWOH0. 6. ...5 us OO Wik FOO es 332 | Evlidge Burnu_____-___- 350 
ais iuleisini Ado Rate 341 Baraon- sped Feta dan, 345 | Expedition Bay__-__-_-- 357 
Sogneeet Luaineccis® 341] Egypt Point....._.__.___. 339 | Eyemouth.__-......_-_- 340 
ine ceaihred tin caien datos al 348 | Bierland__........._.__.. 345] Eyre, Port..........-... 362 

_eancaneeareg LTC: ee Boe Labhalet ek 343 
ey Lorigas........-<- 332 | Elaphonisi Island_______- 349 | Faeno Island___________- 344 
----------------- 351 | Elba Island............. 347| Faerder_..._..._.__.-__._ 342 
Dubh Artach----_------- dee a oo 343 | Fairy, Port_.........._- 361 
BOD igcio a < miawcnnnsns 341 | Elbow Cay....-___----- 335 | Fairway Island_________- 338 
Pucrot Peak............ 600 | Eh Araieh.........<.<2-- 351 | Fajem Grande___---_--_- 338 
Wee OdG0. ic 5ace0's n= 343 Cerro de Monte- Fakaofu Island__________ 360 
uilven.-~--.---------- 354 WIGOGtoseitedsce sb 337 | Fakarava Island________- 360 
Dukato, oS ee ae 349 POADAD ccaddeumes 347 | Falcon, Cape___.-._-_-__ 350 
MENTED inn denninaenss 349 Slots Reef. scci occu 332 | Falkenberg______-_____- 342 
Dumaguete-------.----- 355 Batiels....2.2..c5 350 | Falkland Islands_-____-_- 339 
POMENIUR. 2 o-2240e-- 355 mene Pe LE Nees 351| Falkner Island_________- 331 
Dunagree Point--------~- 341 i eee peas 354 | Falmouth______________ 340 
Sy eee 343 Gleuthera ed i eabenanae SOG | BOO G sa cwochsdbeoas 344 
Duncansby Head_------- 340 | Elgar Island___._______- 357 | Falsterbo____.__--_____- 342 
WN000. 2. 2 222s e suns 340 | Elizabeth, Cape___--___- 331 | False Cape>___-.__-_-___- 333 
Dundrum Bay --_----~-- 341 Harbor__..._.__-.- $62'|—— Point.......-<-«.-.< 353 
mm — siete As 338, 339 | —— Port___......--__-- 351 | Falsa Isla Point________- 338 
a ea Sapa awine ween 345 | Ellice Islands___._-___-- 360 | Fame Point___--_-______- 329 
Senne —olcenesues 340 | Ellidaey Island__________ 363 | Fanad Head____________ 341 
ROEM 6 ci wsseedis< 349 | Ellingrasa___....______- 341 | Fanar Adasi____________ 350 
ban.......-...------ 351 | Elrington Point_-_------_- 333 | Fanar Burnu____-__--_-_- 350 
Durian Strait___..------ 354 | Elsehoved_____________- 344 | Fangar______....-.__._- 347 
Durnford Point - -------- O0k | PR cet ckcieboue 345 | Fango Point___________- 347 
Duroch, Cape----------- 357 | Emery Point___........- 362] Fanjove Island________-_- 352 
Dutch Folly__---------- 357 | Emineh, Cape_____--_-_- 349 | Fanning Island_________- 359 
Harbor... ....--<«- 333 | Empedocle, Port. -_-_----_- 348 | Fano Island____--.------ 349 
Dwaalder Island - - ------ $55 | Bmu Bay..............- 362 | Fano Nordby-_---------- 344 
Dwarka Point- --------- 353 | Enanger________________ 342] Fan Rang____.___-__-_- 356 
DIY ODO. 3100-2 eene = 344 | Enderbury Island______- OO | PONG Soe oe cewawdese 356 
RIGTNONS 5 as sion n sn 363 | Enfant Perdu__.__-____- nd 5 en ele ene ae 353 
Dzharuilgach Point------ 349 | Engano, Cape__________- 356 | Farallon Islands____- 334, 337 
| Pe: ae ee 342 | Farewell, Cape___.--_.--- 363 
Eagle Island_-__---- 330, 341 | English Harbor_-_--.----- 335 | —— Spit  tpaisescdath theresa 361 
— Nest Point____-_.__ 361 | a ee J, a 346 
East Cape... -_.-.-- 352, 361 | Enmedio Island_-------- 332 | Farn Island_......_..... 340 
PiMte. cissakedschan 331 | Enrage, Cape.___------- Phd uipxwxceadiap ake 342 
Easter Island------_----- OGD | MGSO ik cinema din B46) Paro, Cane... occccwass 347 
East London......-.---- 351 | Entrada Point......-_-_- 334 pT CT eee Re en 346 
—— Snake Cay___-_----- 333 | Entrance Island_---- 334, 362 | Fastnet Rock____-_____- 341 
OF cud Mile cacace SOL! MOC, Pete snc ccwceloon 8471 Father Point..........<. 329 
Mitoem Neck. 2 ...2.4i..- ORL | IB oii atc oneoewed 340) atu Bive.n.<ciensts cau 360 
Ebeltoft Bay_........-.- 344 | Eromanga Island_-_-_----- 360 | Favignana Island_______-_ 348 
RR re rest See 345 | Escalvada Island____-_-_- 337 | Fayal Island_____.______ 339 
Eckernforde-.-.......--- 344 | Escarceo Point_-_------- OOO) PONG case cee kas 343 
Hdast Island............ 354 PHNcisdgeksusicdteaae 345 [Se eee 363 
Ng sia nia ices ciated eed 361 | Escombrera Island _-_-_- = O86) Meer, Canes on scecse Ze 332 
SE TIE LE ee 331 | Escuminac Point-_------- TD: a res Be 345 
Eddystone-_.........---- 339 | Eskimo Point_.......--. 329 | Fedala, Cape____...____- 351 
roe— Point... 2206-6 362 | Esmeraldas______-_-._--- BOS PONMAOTR Aw. cco wcudsiital 344 
Edgecumbe, Cape- -_----- 333 | Espenberg, Cape--_-_----- 333 | Feistenen__........-.--- 342 
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Fenajo_._.-...-.___-_-- 346 | Fora Island_.....__.___- 339 | Funafuti Island___-_-__-_-_- 360 
Fenwick Island______.__- 332 | Fords Harbor..-__._-.__- 329} Funakawa....____..___- 358 
Fer, Point au___-..__--- 332 | Foreland, East___--.-_-- 333 | Funchal...._....-.-.._- 339 
de, Cape....-..-.-_- 350 North.....-------- 339 | Funkenhagen.-_-___.__-- 343 
Fermin Point._.--_---- - 334|—— South.-..-.-.--.-- 339 | Fuon_.-------------_-- 357 
Fernandina. -_---------- a So DIME een seen Bd] | PUSAN 2 eat oe ee. 358 
Fernanda Point____----- 351 | Forestier, Cape____.__.- 362 | Fushiki......._...-___- 358 
| Fernando Noronha Island_ 339| Formentor, Cape-.-.----- 347 | Futagami Jima- --.-.__- 359 
Eernenge Noronha Peak. 336 | Formicula Island_-.----_-- 349 | Futaoi Shima-_-__.______- 359 
BaAeM eck cae Bat lt Oa 351] Formosa, Cape.......... 351] Fu To.-________--_.__. 358 
Ferolle "Point ET 329 | Fornaes__.......---.--- 344 

Ferraione, Cape__---__-- 347 | Forsmark__.._--...---- 342 | Gable Island___..__.__- 361 
Ferraio, Port_.._...-.__- 347 | Forstads.._._---____-__ 342 Gabo Island_._._______- 361 
Ferraria Point Le ene 339 | Fort Daupin._-...-..-_- 352 | Gaeta___..----- 2-2 348 
Ferrat, Cape_....-.-_--- 347 e France__--_---- 336 Gainesh Paar eee 343 
Ferret, Cape...-..--.--- 346 do Santo__..-..--- 339 | Gaivotas Island_______-_- 336 
Ferrieres Island_....____ 358 Folly Point.__.__-_- 330 | Galantry Head_________- 330 
Ferro, Cape_...--.------ 347 GUA ensue seus e 357 | Galapagos Islands- . _.. - _ 359 
Ferrol__.....__.-.----_- 346 Islet__._-.---_---- 335 | Galata Burnu__._______- 349 
Ferryland Head.._..--_- 329 | Forte do Mar___-.------ 353 | Galea, Punta. --_-__.__- 346 
Fiddle Reef_._.-----___- 334 | Fortino Point..._...._.- 399 | Galera Point.__.____ 336, 338 
Fidonisi Island_._..._._- 349 | Fortune Harbor..._.__-- 329 POM. esos cweocu de 356 
Fidra Island___.--_.___- 340 Island_.._......-..- 356 | Galgenberg.____.______- 345 
Figuras, Point ........-- 335 | Foster, Port........-.-_- 339 | Galgetange____.________ 363 
Fiji (Viti) Islands. ____-- 360 | Foul Point. _...-.._._-- 353 | Galina Point_.....____- 335 
Fila RK ee OE Tan eee, 360 Wind, Cape__...__-. 361 | Galiola Island. _________ 348 
Filsand_____..-.--_-.__- 343 | Fouquet____.__...._--- 352 | Galitona Island_-__._-__.- 350 
Fingal Head__.....___-- 361 | Fourche Harbor-_______-_ 329 | Galle.___._-.--...--_-- 353 
Finisterre, Cape_____---- 346 | Fourchu, Cape_--_.--_-_- 330 | Gallegos, Port_.________- 337 
Finnvaer_.__...._-.___- 341 | Four Hummocks------__- 362 | Galley Head___._______- 341 
‘| Fire Island_____---____- 331} Fourth Point._..-..---- 355 | Galli Rock_.._.._.____- 343 
First Point.......--___- 354 pha Se yee aie On he oa 339 | Gallipoli. ......-.-- 348, 349 
Fischausen-____..-_.._--- 343 CG cscs dees 332 | Galliray............_-_- 343 
Fish Island_._______.___- 331 | Fox Island____-.__- 329, 333 | Gallo, Cape____._.____- 348 
Fisher Bay__.___....__-- 362 Pointecconcouseuse 329 Gallows Point.-._._.__- 339 
Fiskernaes__..._.._._-_-_- 363 | Frade Island_...__.._..- 337 | Galtar..... 222-2 eee 363 
Fiumara Grande._.._-_-- 348 | Frailes I. (South)_.._._- 334 | Galveston___.___._____-_ 332 
Fiume____._..__._..-_.- 348 | Frances Cay__.___...__- 335 | Galway Bay____._____-- 341 
Fjardgrund._....-..---- 343 | Francesco Crispi. ---._.- 352 | Gambier Island esetee 356, 360 
Fjeldoen___--..._.-__--- 342 | Franceza Island_______-- 337 | Gambir Island___._____- 356 
Flakfort__._....._____-. 344 | Francisco de Paula- ____- 337 | Gamof, Cape_.__._____- 357 
Flamenco Island_.-.___-- 334 | Franke Klint._._._.___- 344|Ganavek....._________- 353 
Flamsborough Head. 340, 341} Franz Josef Land. --_~-_- 363 | Gandia__.-_._.--.--- .. 347 
Flannan Island__.-._---- eH Fredericia.__.....__._-- 344/| Gannet Rock_____.-___- 330 
Flat, Cape_........----- 354 | Frederick Rock. ....__~- 358 | Gantheaume Point. - - - _- 362 
Island_...- 329, 333, 352 | Frederikshaab-_-__...____- 363 | Gap Rock_______._.___- 356 
Pointsseeo ace Ac 331 | Frederikshamn..-_-______ 343 | Garan Bi______.-_.____- 357 
— Rock__-._-.._____- 361 | Frederikshavn--._______- 344 | Garca Point._________-- 351 
Flat Top Island___.-._-- 362 | Frederikstad_.._______.- 342 | Garcia de Avila________-_ 336 
Flatey Island__..._..__- 363 | Frederiksthal.__..._._-_ 363 | Garde, Cape._.___.-__-- 350 
Flattery, Cape..._...__- 334 | Freemantle.___-___....-.- 362 | Gardner Pinnacles__-_--_- 359 
Flatholm__..-..____---- 340 | Freetown. ...._-..- ---- 351 | Gardner Island__.____-_- 360 
Fleetwood_.....__._---- 340 | Frehel, Cape. ....___-~- 345 | Garnish______...-.. 2. 330 
Flensburg.._....--__--_- 344 | Frelser_.._........_. _- 344 | Garoupe, La___..-______ 347 
Flint Island__._..__- 331, 360 | French Frigete Shoal... 359} Garrison Point....._.___- 339 
Flinders Island__._...__- 362 | cd: .|. pee eer 361 | Gaspar Rico Reef_.____- " 359 
Florence_._.....--.___.._.. 347 Ficachinans Head_....__- 330 | Gasparilla Island____--__ 332 
Flores Island... 337, 338, 355| Fresh Creek.......__-_- 335 | Gata, Cape_______.- 346, 350 
Florianopolis__......---- 337 | Friar Head..__-.._..__- 331 | Gatcombe Head_____.__- 362 
Florida Island__.__.....-- 360 Rocks_.......-.--. 351 | Gatteville......_.__-___- 345 
Floripon Point nL een eee 356 | Frio, Cape_____..__-_-__- 337 | Gavazzi___..______.____ 348 
Flower Island___._..---- 329 | Frontera__......-..__-- 332 | Gaultois Harbor--_____- 330 
Flugge- -_- - fia teg at teed tae 344 | Fruholmen____._.._._-- 341 | Gavdos Island_________- 349 
Flushing. _.__--...----- 345 | Fuencaliente Point. -__-_. 339 | Gavle__...-....---- 331, 342 
Focardo, Cape.-..---.--- 347 | Fuerteventura Island.... 339} Gray Head__..__.____-_- 331 
Fogo Island_._-.-.-..-- 339 | Fuglenes........--.---- O41 | GCN oe oe i ee 342 
PONT sesesvacwstoeseac 345 | Fugloy Kalven_._._._-.- 341 | Gellibrand Point.______. 361 
Fontana, Cape__....---.- 349 | Fukura_-_-.---.------- 358 | Genoa___-------------- 347 


POGUCU soe cid ee . 352) Fukuyama. .-_--_-.-._. 358 | Gensan__.._..._---.-_- 357 
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Page Page Page 
Gentil, Port_.__._____-- 351 | Goto Island_..________- 359 | Greifswalder Oie_._____- 344 
George, Cape__..-_-_-- . 329} Gotsu Sho____._..-.-_-- 359 | Grenaa Harbor__.-_-___- 344 
George Island___._...... 333} Gough Island_...__....- 339 | Grenada. -.._-__..-_._-- 336 
etown____ 332, 336, 339 | Goulding Cay___.._._... 335] Grenadines___._.__..._- 336 
Geraldton______-__----- 362 | Goulfar._._-_._.- ~~ -e 345 | Grey River_......._._-- 361 
Gerias, Cape___-__..-_-- 349 | Gozo Island_____._-._-. 348 | Greytown._-__.._._-_-- 333 
Gheroghambo.....----- 349 | Gracias a Dios, Cape._._ 333 Grifith Island_.____-_-. 361 
Giannutri-_-_..____----- 347 | Graciosa Bay_._.______. 360 | Grimsey Island.____-__--_ 363 
Gibara__._.....----.--- 335 Island__._-_-.._. .- 339 | Grindstone Island-_-_~.__- 330 
Gibbs Hill_....-_2.- 22. 338 Osan ecceesuteesan ss 348 | Grip.____...-- ~~. 342 
Gibraltar_........-.-.-- 346 | Graemsay.._...-_..._-- 340 Gris Sale Cape.......... 345 
Gibson Point. ...__._--- 362 | Graesoerne._-_._._.___-_. 342 | Grohara.__.-...-..--.-- 343 
Giffard Island. ___._.--- 358 | Gran. _-.-...--- -__ 2. 342 Grotiak ar LR ghee re 342 
Gigante (N.) Island___.- 356 | Gran Canaria Island__... 339] Gross Horst_.________- - 343 
Giglio Island......_---- 347 | Grand Bank______.____- 330 | Grosso Point_....-...-- 348 
ues ee eeepc de cise animes Bassa Point___.__-- 351] Gruica Island__...____-- 348 
Gilbert Islands...______- 359 |——- Bassam. __.______- 351) Grytoy.__-____--._---- 341 
Gilleleje_........._----- 344 | ——- Cayman.__________. 335 | Guadalcanal Island_-___-_- 360 
Gillis Point_......._...- 331 |——— Etang__.._....._-- 331 | Guadeloupe__-.._._...- 335 
Giraglia Island__....._-- 347 | —— Harbor__._...__.- 330 | Guafo Island_._____-_-- 338 
Giraul Point__........-- 351 | —— Kubben-___-_____.- 342 | Gualpen Point__..._..-- 338 
Girdleness.____..___---- 340 | ——— Lahu_____________- 351} Guam Island_._-___._-- 359 
Gironde River___._.-_-- 346 | ——- Manan Island____-_- 330} Guanica_______...._.--- 335 
Gisborne__........----- 361 OMS gece we woute 352} Guano Cay E___-___-.-- 335 
Gisslan Islet__.._._.-.-- 343 | —— Ribaud____._____-- 847 | Guanta Harbor__-__---- 336 
Githion___.__.._...---- 349 | —— River Banks Point_. 331] Guantanamo Bay --_--_-- 335 
Giumbo (Juba)-.-__---- 353 Rouveau...._..__- 347 | Guaratiba Point_...._-- 837 
Gjaeslingene_.___.__.---. 341 PADU sso cc chew 351 | Guaratuba Bay ___.--- 337 
Gjedser_._.....-..----- 343 Prk cee ees 335 | Guardafui, Cape. .__---- 352 
Gjeita_.--.------------ 342| Grande Bay____._..-__- 335 | Guardia Point____-.---- 348 
Gjerrild_.......-------- 344 | Granitola_____-.__._._- 848 | Guayaquil Gulf_____._-- 338 
Gjeteroen_-..._._.___-- 341} Granitz_----..--------- 344 aoe ashel Point _.-.- 341 
Gjoahavn._________-_-- 363 | Grantley Harbor__._._.- 333 | Gubat_..-..---.------- 356 
Gjogur____.....-__....- 363 | Granville._-.._.2- 22... 345 | Guecet Point. .-_-. 336, 356 
Glavenecosss cocceecca 341} Grape Cay_.-_-.-_.._._- 333 | Guerande___-___.------- 346 
Glarenza, Cape____.._-- 349 | Grass Island___._._..._- 339 | Guerin Island________--- 358 
Glasgow.....-.-...---. 340 | Grasrannan_-______..._.- 342] Guernsey Island-_-...---- 341 
Glenelg___....-..__---. 361 | Grassy Island___..______ 329 | Guetaria____..._.------ 346 
Gloucester. ........---- 331 | Grave, Pointe de_._..__- 346 | Guimaras Island---_----- 356 
Gnarp isc. 2 2c sesew es 342] Gravelines__........._-. 345 Guion Island__....----- 331 
Bee ieee ee 353 | Gravina Point.....____- 333 | Guldager_.........----- 344 
Goapnath___..._...-.-- 353 | Gravosa, Port......_..- 349 | Guldholmen-_-___.-__--_-_ 342 
OT Pi 357 | Gray Cliff... 2222-28 333 | Gull Cove___..--------- 330 
Goat Island__.__-___--- 334 | Grays Harbor__________- 334 Island____.__-.---- 329 
Gobernadora Point__-__-- 335 | Great Basses Rocks. -__-_- 353 | Gun Cay_....---------- 335 
Godhayvn_...-..-_..-_-- 363 Burnt Island__.__-- 330} Gunong Sitoli_.......--- 354 
Godley___.___.---.-_--- 361 Castle Head_____-_- 340} Gurnet_____..--_._.---- 331 
Godrevy Island_____._.- 340} —— Fish Bay..._____-- 351] Guruni Head__._.-__--- 349 
able 660 Soe ees 363 | —— PONG egg 351] Gutzlaff Island___.____-- 357 
Pe eer al ad he ae 345 | —— Harbor Deep____... 329] Guyon Island___.._._.-_ 331 
Golchikha RONEN 363 Inagua Island__-__-. 335 | Guysborough Harbor... 331 
Goldobin._.__._.--..--- 357 | —— Isaac___...-..._-- 335 | Gwadar____----_------- 353 
Golofnin Bay_-...--.--- 333 Jervis Harbor____-- 330 | Gydnia__.......------- 343 
Wheat ok eie eee 363 | —— Lae Lae Shoal____-_ . 355| Gyu To____---_..------ 358 

Gombe Point___._._.--- 351 Ladrone Island__--- 357 
Gomera Island________-- 339 Ormes Head_____-- 340 | Habana_-___.._..------- 335 
Gomez Island__.___-__-- 336 | —— Stirrup Cay______-- 335 | Habibas Island___._-__- 350 
Gontcharof Island__.___- *357 a VtOfs soe cen SS 343 | Hachibi To____-__-_---- 358 
Good Hope, Cape... 351, 357 | Grecale, Cape__.._..__-- 350| Hachijo Jima___...----- 360 
Goode Island_._______-_- 362] Greco, Cape_____.__-_-- 350 | Hacho To____-_-----~--- 358 
Goose Island_._._.___-- 362] Green Island______- 329, 330| Haha Jima_____-__----- 360 
Gopalphur._.._____---- 353 | Green Cape______------ 361 | Haifa Castle.__.....-- - 350 
Gorda Point_...__...__-_- 333 Harbors. 2<ken24 363 | Haifong_.......-------- 356 
Punta________- 333, 334 |—— Hill_--._--_____-_-- 356 | Haiho River__..__-..--- 357 
Gorleston...._..-.----- 341 Island_______... 331, 357] Haikan Wan____.___ ---- 357 
Gorodetzki, Cape. -_----- 341 Pointuccs.2studesu 351] Hainan Island__..__-.-- 356 
Gorontalo_____..__.-_-- 355 | Greenly Island__.___.__- 329 | Haisborough__......---- 341 
Goteborg....._...-...-- 342 | Greenwich__.._.__._-__- 339 | Haitien, Cape__....._--- 335 
Gotland Island_________- 342 | Greifswald__.-.-.-_---- 344 | Hajiki Zaki_..._....---- 358 


541524°—43—__25 
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PLACES—continued 
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Haken___._._-.-_-----_- 342 | Heaux de Brehat-_--_-_-___- 345 | Hoihow.___..-.---_---_- 356 
Hakodate..._....____-_- 358 | Heceta Head__._______- 334 | Hojbjerg___...._._----- 344 
Haku Gan____-_-----_-- 358 | Hecla, Cape________.__- 363 | Hole in Wall__-..______- 335 
Halbrand Point___--.--- 352 | Hedland, Port._...-.--- 362 | Holmengra_-______.---- 342 
Half Moon Cay....----- 333 | Heimaey.___.__._------ 363 | Holmogadd.-...__-_----- 343 
Halfway Rock.._..----- 331 | Hekkingen_-_____------ 341 | Holnis______..._-_----- 344 
Halifax. ou ese cls 330) Hela 2 2c ce ocsueee nce 343 | Holsteinberg._.......__- 363 
Hallands Vadero--___-__- 342 | Heleharnnakke__...._._.. 343] Holyhead___._...__..-- 340 
Hallgrund.-__....------- 343 | Helgoland_-__-.-------- 345 | Holy Island_-_-..----.- 340 
Halli Rock...-...----.-- 343 | Helliso.........---_---- 342 | Homborsund...__.--.--- 342 
WISN G2 ede os Soe Seon ee 342 | Helleholm___.__...----- 344 | Honawar__.____..-_---- 353 
Hallshuk___..___..-_--_- 342 | Helles, Cape_--_._------ 349 | Hon Chut Island.-__- ~~ 356 
Halmstad.___..__._-__-- 342 | Hell-ville......_..__---- 352 BO 5 eee 356 
OIG sects seeseecesese 344 | Helnaes_____-___.-.----- 344 | Honfleur_.__________--- 345 
pa BAITC = ooo oes 344 | Helnes__....__--------- 341 | Hongkong...__...._---- 357 
Halten coche 341 | Helsingborg. ..-....---- 342 | Hon Lon_.__-__-..-_--- 856 
Hamada. _...__----_-_- 358 | Helsingfors.._....-_---- 343 | Honolulu_____.-...-.--. 360 
Hambantota___._.____-- 353 | Hendanes..._____------ 342 | Hood, Port_.._.___------ 331 
Hamburg. __.---------- 345 | Henderson Island - - - - - - - 360 POG hee oe 351 
Hamilton Island. ------- 338 | Henjam_._...._.__----- 353 | Hook of Holland--_-_----- 345 
Hamilton, Port. -------- 358 | Henlopen, Cape--------- 332 ONG con Mosca 341 
Hammeren.--.-._.------ 343 oy Cape__..-.-.---- 332] Hopeall Head_..._...._- 329 
Hammerfest_._..------- 341 SIANG22 eee eae 331 | Hope Island_--.._-..--- 362 
Hammer Odde..--.----- 343 Joseph, Cape------- 363 Pointen: coos: 333 
Hamnskar_-__-..-------- 342 | ——~ Port_.._---------- 338 | Horn, Cape.__.-_.-_---- 338 
Hampton._.....-.----- 330 |} Herbert, Port---.--.---- 330 Island___.__...---- 332 
Hamrange...-.-.------- 342 | Hereford Inlet. -.-_..__- 332 | Hormiga Grande Island... 346 
Hams Bluff_______-.----- 335 | Hermana Mayor Island__ 356] Hornoen__-________---- 341 
Hanamanioa, Cape- -- - - - 360 | Hermes, Cape. ----.-_---- 351 | Horum Point..__.....-- 345 
Hanapepe-._.__-----_-- 360 | Hernai__-.__..__-_------ 353 | Horsens.___._.-_..----- 344 
Haneda________--.----- 308 | HOM. sooo cel ee ee 353 | Horseshoe Reef. _--_-_-.--- 357 
Hango Russaro. --_-_----- 343 | Herrero Point_.....-..-- 333] Horta____.......------- 339 
Hanin Rocks-_-_.--_----_- 333 | He Saki_.._-_...------- 359 | Hospital Rock. -_-.----- 354 
Hannibal Island_----- --_- 362 | Hesselo._...._...------ 344 | Hoste Island__..___.---- 349 
Hano Island_.______.--_- 342 | Hessenstein......._...-.- 344] Hourdel, Pointe..._.- ~~ 345 
Hanois Rock. ___-.---_- 341 | Hestehoved_----...----- 344 | Hourtin._...-_---__-__- 346 
Hanstholm_____-_._____- 344 | Hestskjaer__..-__.----- O42) OV 25 oe ee ee 344 
Hants Harbor. ____._-_-_- 329 | Heugh____..-__.._.---- 340 Harbor_.___------- 344 
Haon Bai Kan Island__.. 356} Hewison Point_-..__---- 339 | Howki Island_.__-.----- 357 
Haradskar___..---_-_---- 342)| Bierroc.2c5 2 cotecsec= 339 | Howland Island_.-__-___- 359 
Harbor Breton___._.--_- 330 | High Peak Island ------- 362 | Hrisey Island___.....--- 363 
Grace Island____-__- 329 | Highlands, Navesink.... 332 | Huanape__-.-.-_.------ 338 
Island_._....----_- 330 | Higuer, Cape_-.._._---- 346 | Huarmey__..--.-------- 338 
Hare Island____.___.__- 353 | Hiju Kechil._.___..-_-- 354 | Huasco__.-.---.------- 338 
VBP ee ee ets 342 | Hillsboro Inlet_.__.--_-- 332 | Hudiksvall__.....--_--- 342 
Harnosand.__..-------- 342 | Hilo._..__.___--.__---- 359 | Hudson Point_.-...---.- 334 
Haro, Cape.__-_-------- 334 | Hilton Head___.__._---- 332 | Hueneme Point___.._-_- 334 
Harrigan, Cape--.-----_- 329 | Hime Saki___-_----------- 358 | Huertas, Cape.__-.--_-- 347 
Hart Island____.-_---__- 330 | Hinako Island._____---- 354 | Huevos Island_________- 338 
Hartlant Point_._..__.__- 340 | Hinchinbrook, Cape- ---- 333 | Hugli River...-..._-_-- 353 
Hartlepool__........- +. 340} Hinode Bana_-_--_------- 358 | Hulawa Island_----- L... 355 
Harvester Island______-- 333 | Hino Misaki_-__-_~-- 358, 359 | Hull Island_._......___- 360 
Harwich____...--._---- 341) Hirshals__...._..__.---- 344 | Humber River____..___- 341 
Hastie Point__........-- 352 | Hirsholm__..__.._.----- 344 | Humphrey Island____._- 360 
Hastings__._._...------ 339 | Hive Island__.__..----- 333 | Hunter Island__-______- 362 
PIAS el eee 341 | Hiyori Yama.___.------ 358 | Hunting Island____.___- 332 
Haszard Point____..-_-- S31). Hjamos-2<2 2220225 52c0 3 344 | Hurst__-.____-___--_--- 339 
Hatteras, Cape____--_--- 332 | Hjelm Island____.--.--- 344 | Husum_____._-_-___ ee 345 
Haulbowline Rock_-_-_---_- 341] Hoaren Kan_.____-___-- 357 | Huvudskar____________. 342 
Havre cic Soe oe ca 345 | lOUaTte2 =c ec ee eas 362 | Hvanney__.._.--.------ 363 
Bouche.__-_.------ 331] Hoborg.__._----.----.- 342 | Hvidingso_.______.-__ 342 
Hawaiian Islands_.__---_- 359] Hoft (N.).-.----.------ 343 | Hyllekrog_._._..._.-__- 344 
Hawea Point__-.-.----- 360 | Hog Bonden-_-.__------_- 342 | Hypsili Island__.-___._- 350 

Hawke Cape Harbor-_-_-.-- 361 Island_...___-- 332, 335 
Hayward Point___.----- 361 | Hoganas__-_.._....---- 342 | Ibo Island___-..--..____- 352 
Head, S. W_------------ 330 | Hogland, N-._.-._----- 343 | Ibrahim, Port_...._____- 352 
Hearts Content____.---- 329 | Hogland, S..-_.._------ 343 | Icacos Point......-____- 336 
Heath Point__._-...---- 329 | Hohe Weg_____-_------- 345 | Ichie Zaki_.._..-._.__-- 359 


Reef 2.322.455 5228 362 | Hohenschonberg--_—---_-_- 344 | Tey Cape_..--.----- Le 333 
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Tglooik Island_......-.-- 362) Isle Haute..........._.. 330] Jizo Saki......_.__.____ 358 
Ijin Rock........------ 357 | Isle of Man..........-.- 340| Joannes_.__._...____-_- 336 
Ijmuiden__....-...-.--- 345 | Isle of Wight._-..______ 339 | Joatinga, Cape___._____- 337 
Ile aux Nattes......---- 352 | Isles of Shoals...-_.___- 331 | Jobos Harbor________-_- 335 
lle d? Aix. oo eee 346 | Isleta Point._...._____- 339 | Joga Shima____________- 359 
Co Lae 6 Geel I Ce ee 347 | Isokari_.._.__....-----_- 343 | Jogue Point...________- 351 
—— d’ Oleron_..._.---- 346 | Istria, Capo d’__.-__-__- 348 | Johanna Island_-._____- 352 
de Bas_._..-.----- 345 | Itaculumy Point____-__- 336 | Johnston Island.-.-______- 359 
de Groix._......--- 345 | Itajahy...___..--..-__- 337 Point 2.22 2555 scc8. 333 
de: Réoss2ue4ncck as 346 | Itapacaroya.-_...----.- 337 | Joinville Island________- 350 
de Sein__...-.----- 345 | Itaperina Point...._____ B02 | JOOS 6 ooo Solent Jo 355 
—— d’Yeu__.-.._.---- 346 | Itapoan Point.-----__.- 336 | Jomfruland____._...---- 342 
Penfret.......----- 345 | Ivi, ape SCORE eee ene 350 | Jonquieres, Cape. --_-__--__ 357 
Vierge........----- 345 | Ivigtuk..._..----_-_-_- 363 hinge Jeary) Cape Stee 363 
aS VIRCNe ee ete 345 | Iviza Island_..--..---__ 347 | Jourimain Island--_ ~~. _- 329 
Ile Rousse.........----- 347 | Iwanai..._._.-.---.--.- 358 | Juana__...___..___-_---_ 354 
Tles Chausey.--.._.----- 345 | Iwo Jima.__--__.-__.-_- 360 | Juan Fernandez Island__. 360 
Ilfracombe__..-...----- 340 | Iye Shima____-_--__..__- 358 | Judge Bergs_......____- 335 
Ilha Fiscal_.....-.----- 337 | Izuca, Punta.--.-.-___- 334 | Judith Point__.._._____- 331 
Grande.__..---.---- 337 Julianshaab_..___._.... 363 
lliasik Island......----- 333 | Jacks Point.-..-.....--- 361 | Jupiter Inlet__.._.__.__- 332 
Ilha do Principe.......-- 351] Jackson Arm___--.__._- 329 | Jussaro_...__.-..------ 343 
— Sao Sebastiao---.-- 337 Head_.-.---_..--- 361 | Jutias Cay__..._______- 335 
Ilheos, San Jorge dos_..- 337 POrbe cco steed: 361 | Juul, Cape...._.._.___- 363 

TONG2 oc he es 356 | Jacksonville__.......__- 332 
Imperatore Point..__---- 348 | Jacmel, Cape____-.--__- 335 | Kabinda Point__.______- 351 
Imperial Harbor. -_----- 357 | Jacobshavn.._..----.-_- 363 | Kabuch Point...._.___- 333 
Inaho Misaki_-...._---- 358 | Jafarabad_-_...-------- 353 | Kacha To__________--_- 358 
Pnatorisoo.o5268 aohecce 359 | Jaffa._..-_.------..--_- 350 | Kadalur__.......-_____- 353 
Inchkeith.__.....-..--- 340 CSpease eset 361 | Kadoishi__......_.____- 359 
Incog Island__....-..--- 357 Jagiaribe River__....... 336} Kadosh, Cape...._____- 350 
Indian Harbor.-_---.---- 330 | Jaigarh__.-.-------_--- 353 | Kaena Point._--.._____- 360 
ON GeaGios oe ee 351 | Jalunga Ponta.--....--- 339 | Kagoshima.._._.._._._-- 359 
Tickle........----- 329 | Jambeli_-_.__.--..-.--.- 338 | Kahala Point_...__.__-- 360 
Infuse. 2-24 oc esc sccud 352 | Jambu Ayer__------_.-- 354 | Kahlberg_....._...____- 343 
Ingolsfjeld__....._-.---- 363 | Jamestown. ___-----_-.- 339 | Kahului__.._.._-..____- 360 
Ingolsfshofdi_.......---- 363 Por oo ecwrcee kas 351] Kahurangi Point. -----__ 361 
Ingonish Island____.-.-- 331} Jandia Point.-......._-- 339 | Kaiko_--_--..-----_---- 357 
Inhaca, Cape. -...------ 351 | Jan Mayen Island-_-_--_~_-_. 363 | Kailua__......-.-..-_-- 359 
Inisheer Island_____----- 341} Jarman Island_-----___- 362 Kalo Aare eran 349 
Inishowen....-..------- 341} Jarvis Island..._-._.__- 360 | Kaipara._......-...-.-- 361 
Inishtearaght.__.__----- 341] Jashk__.__--__-_.-.___- 353 Kajartalik Island.._.___- 363 
Inishtrahull_.......---- 341 | Jason Islet_.____-_-___- 339 | Kaketsuka___._.______- 359 
Injeh, Cape__..-------- 350 | Jastarnia Penin_.._._._- 343 | Kakureppi._.___.__.--- 358 
Inscription. Cape_...---- 362 | Jeans Head_...___.-.--_.- 329 | Kakyo To____..-___-_-- 358 
Insua Point._....-.---- 346 | Jebel Teir Island__..____ 352 | Kalae_.........-.._.-_-_ 359 
Intzi, Cape.___..--- 341, 363 | Jeddore Harbor._._____- 330 | Kalbadagrund____-._--- 343 
Inubo Saki_.__._..-.--- 358 | Jemur Island__-___.___- 354 | Kalgin Island___.______- 333 
Inverness. ....--------- 340 | Jensen Nunatek_--.____- 363 | Kaliakra, Cape_.___--_-- 349 
loJiMSsc2ccscc cheese 359 | Jerba_____.-.---------- 350 | Kali Menia_._..__._____ 355 
IpsWichevenuesccSeecece 331] Jerda, Point_.....-.___- 350 Kale Bee Bete hese fa eet 353 
Iquique Island_-_.--.----- 338 | Jerez, Punta....--____-- 3321 Kalk Bay______._.___-- 351 
Ireland Island-_--—-.-- 330, 337 | Jersey Island_.......-_- 341 Kallundborg sone ete 344 
Irikobari Somu_-_..----- 358 | Jershoft_.....--.---_.-- 343 | Kaloyeros Island______-- 349 
Iron Island_.......----- 330 | Jervis, Cape____--.-.._- 361 | Kaloyeri Rocks. ____._-_- 349 
Pot Islands__..---- 362 | Jesselton........-.--.-- 355 | Kalmar___.--222 22 ee 342 
Ironbound (E.) Island... 330] Jesup, Morris, Cape. ___- 363 | Kalshamarnes.-_______-- 363 
ro Saki______....------ 359 | Jezirat Tanb__..._..___- 353 | Kalsholmen__.._______- 341 
Isaac Harbor. ___-.----- 330 | Jibuti_-.......--.------ 352 | Kalso_..-...-...- ---___-- 363 
Isabel Segunda__._.---.- 350 | Jicarita Island__._._.--- 334 | Kamchatka___.________- 357 
Isachsen Island. _...-.-- 363 | J deine (Zhizhginsk) Is- Kami Shima___________- 359 
Ischia Castle__.._.------ 348} land_._._-....------- 363 | Kamoi Misaki. _~_______- 358 
Island__...._.----- 348 Yiguero POM seo weeshe 335 | Kampnaes____.________- 363 
Isere Point__.....-.---- 336 | Jiihaa To..-.__-.-.---- 358 | Kamranh..___________- 356 
eal Bm peste eae tet Ae 358 | Jinamoc Island_.._-__-_- 355 | Kanai Saki_____.________ 359 
DST es pre 2 345 | Jinsen_...-.-.-.-------- 358 | Kanaiwa_________-____- 358 
Island Pointsccscis2s 362 | Jintotolo Island__.__.._- 356 | Kandavu Island_________ 360 
Isla Grande__._....----- 333 | Jiote Reef...........---- 332 | Kandalakski__.___-_.__ 341 
Verdc. cccceese 339) JIQUIbw oss cece cee ls. 336 | Kandeliusa Island_------ 350 
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anh urai..... 


Katoku To____..___---- 358 


Katsepe Cliffs. ..__...-- 
Katsuura Wan Brahe ns ie 


Teurealrda Island 
Kauhola Point...._.---- 
ead 


Ka 


Korak Island_._._...--- 
Kazahaya Saki_._.._---- 
Keahole Point. -_...-.-- 


Keeling Island..____-_-- 
Kega Point.......-.---- 
Kelapa Island.._...---- 3 


Kellett Chacha at aay 


Kendall, Cape._._..-.-- 
Bonny Sound_____._-- 
8 


Kentar 


land_.-._-_-_-- 


Kepple Island._.....--- 
Keramoi, Cape....-.---- 
Kerempeh, Cape._..---- 


Kerets, Ca 
Kerguelen Is 


Kermadec Islands 


Kermorvan Point 


PLACES—continued 

Page Page 
Kertchccccscesetsccece 349 | Koh Tron__-_-...---._-- 356 
Ketchikan__....__.-..-- 333 W. Nai_.__...__ 356 
3} Key West_.-_---------- 332 | Koho Point__...---.---- 857 
Khaifa Castle__...._._.- 3850 | Kokarsorn.____.-_-....- 343 
Se esteceatede ee 349 | Kokas___..._-_-.-----. 360 
Kharlov Island. ...---.-.- 841} Koko Reef__._.-_-_..-- 354 
Khersonese, Cape - - - ---- 349 | Kokole Point........--. 360 
Khoms.222.2524.u2s55o. 350 | Kokskar Islet_-..._..._-- 343 
Kiachow 2-22. 5.2<262 357 | Kola Inlet_......_-_--.- 341 
RE orn ene carer ene ee 361 | Kolambugan_-_........- 355 
Kiau Island_....._-__-- 357 | Kolberg..-_.--.-------- 343 
1G) se tet ee cetg ee ga see 344 Kolby Kaas......-.-.-- 344 
Kieta__.....----------- 360 | Kolding-....----------- 344 
Kir 2 sc ee 357 | Kolkarags..........---- 343 
Kijkduin_.........-..- 345 | Kollickerort..._-....--- 344 
Kilauea Point......_...- 3 omatsushima_-__...._-- 359 
Kilchu Peninsula-_._- - ~~. - 357 | Komarusan Kutchi-_-_---- 357 
Kileradan Head... ._.- 341 | Kombi Island___..-_-_-- 349 
Kilia Point_......-_.--- Kommo Island__..._._-- 358 
Killantringan.--_...---- 340 | Kongo River._..--.---- 351 
Killingholme__..._._ 340, 341 | Konigsberg_._-....-..-- 343 
Kill ybegs.....---------- 341 | Korax, Cape...._.-_-.-- 349 
Kilcarda Cape__._._---- 350 Konstonovall, Cape... -_-- 363 
King Edward Point_..-.- 339} Koro Island_..._....__- 360 
Kings Cove.._...-_---.-- 329 | Koroni_.....-.--..----- 349 
Island_._._._.__..--- 333 | Korsakov......-.---.-- 358 
Pomts222 sescusaee 362 | Korsor.....------------ 344 
King William I._.._-..- 362 | Koshiki Shima_________- 359 
i |: a er ees 362 | Ko Shima. .____---- 358, 359 
Kingston_..._....---.-- 335 | Kota Baru_____--_.-_-- 355 
Kingui Island_._..___-_-- 333 | Kotan Misaki__._...._... 357 
Kin Hon_......-_-_---- 356 | Kotelni Island._____._-_- 363 
Kinka San__.._..---.-. 358 |} Kotonu.___._-___-_---- 351 
Kinnaird Head____._._-- 340 | Kottoi_.._._..--.-.--.-- 358 
Kino Island..______-_-- 343 | Kovilam_._._..-...-_-- 353 
INSSI6s 2 2s cee cet 341 | Kozakof, Cape._..-.-.-- 357 
Kinushi Misaki.....-..- 358 | Krachome Fai Island... 354 
Kirkwall__...____-_.--- 340 enaes__.....--.___-_ 344 
Kirpon Harbor-____-.---- 329 CES 2 woeesece ous 342 
Kirton Point._.......-.- 362 | Kralendijk_.....-..---- 336 
Kign Me ce eee okie ok 353 | Kristiania........-..---. 342 
Kiska Island_...._.....- 333 | Kristiansand__..._...___- 342 
Kita Jima__.__.._.----- 357 | Kristiansund.....----.- 342 
Kito Chosi Sho... -.--- 358 | Kronborg------.------- 344 
jutoan....-_____------ 357 | Kronslot islands IB es chatetagis 343 
Kitries, Cape.......---- 349 | Kronstadt_............- 343 
izu Gawa_.__.__._---- 309) Kr vec cccwasccooucue 354 
Kjelsnor_..._....------ 344 | Krusenstern, Cape---___- - 333 
Kjoge2cc22 ose eetce 343 | Kua Dong Tranh-__-_-_.- 356 
Kjolnesscaiceweseseted 341} Kuantan River....---.- 356 
Klabat Bay_.__.....---- 354 | Kua Tieu____.---__.--- 356 
Dayan ct celeron ane 342} Kuala Perak._....__-_.. 354 
Klides Island_____...--- 350 | Kubasaar__..--.----_-- 343 
Klikoff Point.._._._---- 357 | Kuchinotsu__......---.-- 359 
Klosterkamp.._.-..---- 357 | Kukak Bay__...--.----- 333 
Klubben___-._____----- 343 | Kukuihsele_______.____- 359 
Knan Point_.._.-_--_-- 343 | Kulao Rei-..__.-_.----- 356 
Knights Point..._..-.-- 331 | Kullen_.......--.---.-- 342 
Knudshoved_______--.--- 344 | Kumpta Point_....-..-- 353 
Safar aye alate ek teh es 359 | Kundapur.....-.-.--.-. 353 
Kodiak Island_.......-. 333 | Kundari Island......... 353 
Koepang- ---------- 355, aoe Kunelli Island-_--..---- 349 
Koh Chang_-_-_-------- 35 Kungtungtao Island-_-_-_. 357 

CO ek ee 356 K 
nis eee penne 356 | Kunnoroku TOseeticns ass 358 
oes PRrAe oe 356 | Kunsan-_.._.-.-------- 358 
—— Prap_.__.___------ 356 | Kunwit Island. -.....--. 355 
— Rang Pratad___._-- 356 | Kuphonisi____....-...-- 349 
—— Samet_.....__.--.- 356 | Kuraman Island_......- 355 
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Kuri, Cape...-----.---- 349] Lamaline Harbor-------- 330 | Leveque, Cape-_-------- 3 
UlIAGs2 oe as 350 | Lamentin Point_....____ 325 | Levi, Cape....-.-.._--- 345 
Kusaie Island__....___-_- 359 | Lamko Point....--..._- 356 | Levitha Island_____..___ 350 
ushiro Saki...--..._-- 358 | Lamocks Island_--.---_-- 357 | Levuka Harbor.__---__- 360 
Kushunkotan.-.....--_-- 358 | Lampedusa Island__----__- 350 | Liautishan Promontory... 357 
Kustenjeh_.-.--...--_.- 349 | Lamtong Island___.__-_-_- 357 | Libau__._.._.-..---.-_-- 343 
Kutabdia_.........._.-_- $08 | URN oe Se 352 | Libby Islands. _. .______ 331 
Kutali Road_..-..._---- 350 | Lanai Island__...--__--- 360 | Libeccio_.__..-....----- 347 
Kutpur.-_-..---------- 353 | Landana_-_------------- 351 | Libreville. ...---_-_---- 351 
Kuweit....-...-------- 353 | Landegode- . __-_.---.--- 341} Licata. _._..---.------- 348 
Kvanhovden-.-_._.------- 342 | Landguard Point__.._.-- 341} Lido Point_..-.._--._-- 359 
Kvasheim--__.._..--._-- 342 ds End-_-__..-_..__-- 340 | Lido, Port_.........-__-- 348 
Kvitholmen-.....-..---- 342 | Landskrona-_ -._..------- 342 | Liepaja__.....----.-.-- 343 
Kwala Kelantan... --.-_--- 356 | Landsort..---..-------- 342 | Lihou, Cape__..________ 345 
V6 Bebe oe ote sesed 341] Langanes, Cape_--.-_-_--_-- 363 | Lilla Batekar___________ 343 
Ky orn Misaki. ...-_____ 358 | Langara Island__..___.__ 333] Lille Lyngoy._-....----- 341 
Pye Island_.....--- 349 | Langeland._....__.___-- 344 Praestskjaer .. --- ~~ 342 
Kyto Karingen._......_- 343 | Langenes.____._-.-_---- 341 | Liloan___-_--.---------- 355 
Langkaus Island___._.-- 354 | Limerick._.....--.----- 341 
L’Abervrach.----.-.---- 345 | Lang Ness__....._._-_-- 340 | Limon, Port___...------ 333 
Laau Point..--..-..-.-- 360 | Langsuen River_-._--_..-- 356 | Linao__..__---.--.------ 356 
Laboean Badjo-._....--- 355 | Lantau Island. ._______- 357 | Linaro, Cape.__.-._---- 348 
Laboratoriholm..--_....-- 342} Larache_.._.___-_-____- 351] Linartes island. e-.-----. 334 
Labuan Island--....__-- 355 | Las Vacas River---_____-_ 337 | Lincoln, Port.....-.---- 362 
La Brea Point. ...-..--- 336 | Lassan_______..-_._-_-- 344 | Lindesnes..__------_-_- 342 
= Callen ccc cists 350 | Latour, Port_...---.---- 330 | Lindi River__...____---- 352 
—— Camargue..___.-_-- 347 | Latrabjarg....-....__-- 363 | Linga Island_._....-._-- 354 
—— Coubre_._.-..._.-- 346 | Lauis Ledge______.____- 355 |] Lingan Head__.__..-_-- 331 
—— Garoupe....._-.-- 347 | Laupahoehoe Point_-_-_- 359 Pings Island_____.--_-- 350 
— Guaira._-....----- 336 | Lavapie Point..._-___-- 338 | Lipari Island. ..__.._.-- 348 
— Hacha.-.-_-___-__.-- 336 | Lavezzi Island____..__-_- 347 | Lipso Island___.....-.-- 349 
—— Hague, = de_._. 345] Laysan Island_____.___- 359 | Liptrap, Cape... __------ 361 
Pavre.occessicccte 330 | Leading Tickles_._.____- 329 | Liran Island._._.----__- 355 
Haye Point__._._-- 329 | League Island.________- 332 | Lisbon__._...--.--.---- 346 
—-— Heve Cape____..-- 345 | Leba__...--.-----_-_-- 3438 | Lisburne, Cape------_-_- 333 
Hougue.___-..---- 345 | Lebida_.._..._-._-.._-- 350 | Liscomb Island. --__---- 330 
Jument Rock. _.-- 845 | Lebu, Port__._.______-- 338 | Liserort.__......------- 343 
—— Libertad________--.- 334 | Le Charf._.......__-__- 350 | Lisianski Island_----_--_-- 359 
DMS eee eet cou. 339 | —— Conquet_____-___-_- 345 | Lismore Island... -.-.--- 340 
—— Pallice......-.._-- 346 Maire Strait. .____- 337 | Lissa Island........-.-- 349 
—— Palma._.._........ 334]|—— Pilier Isle_..______- 346 | Lister._..-.----.-.---.- 342 
PAannG. 222225522. 345 Socoa_.....------- 346 | Listerrauna_.__....------ 342 
oa PASS oe ee es 334 | Leeuwin, Cape_..--____- 362 | Lithari Point.......__-- 349 
—— Punta de Callao_._. 338] Legaspi____...__-.____- 356 | Litloy......------.---- 341 
—— Pierre de Herpin ___ 345| Leiden.__....__..-____- 345 | Little Basses Rocks______ 353 
PIM eee eis 337) Leithaccuccescewen cece 340 Bay Island. _____-- 329 
——- Cape_.._--_-- 346 | Leixoes_..-.-.----.--_- 346 Belledune Point__._ 329 
—— Island__--_-_-- 338 | Leksoela......-.----_-- 355 Corn Island__.____- 33 
—— Scie Harbor-____-__- 329 | Lemery........--.....- 356 Curacao... __.--_-- 336 
—— Union.__..__._---- 334 | Lemnos__.__...-.-.---- 349 | ——— Dunier Island_-____- 329 
Vieille Rock... _.-- 345 | Lem Noob. ___.-.__---- 356 | —— Fish Bay-___-______ 351 
Laccadive Islands. -- ~~ -- 352 Polam Pook_._..-_- 356 Gull Island____.__- 331 
Ladle Tickles. ......._-- 329 DING se eesoe eee 356 Hope Island_-_-.-_-__- 330 
ey Elliot Jeland___.--- 361 | Lendana___......--_.-- 351 | —— Karas Island__--_-_- 354 
ati pe aa lat at aoa ccete 344 | Lengua de Vaca________. 338]—— Port______________ 330 
ee Head__._....... 338] Leningrad_-_----_...-_-- 343 Quoin Island__.___- 353 
Lage, Punta...__.....-- 346} Lennard Island._.-.__-- 334 | —— River_____--___.-- 
Lagens Point..____.---- 338 | Leones Island_.-_....__- 337 Ross Island__.-_--- 340 
Lago de Santos. _.__---- 337 | Leopold, Port_..-.._._-- 362 | —— Sands__._.___.___- 331 
Laginha Point.._.._---- 337 Lepreau. Pome oe. 330 Santa Cruz Island-_- ae 
LAG0622s4eoec ech eeuccaee 346 | Les Eclaireurs_...____-- 337 Samphire__.______- 
Rivers soc c 351 | —— Grands Cardinaux.. 345 | —— Sea Hill______.____ o62 
eons sri Island__._...--. 349 Pierres Noires__---- 345 St. Lawrence Harbor. 330 
Set ances 351 Sables d’Olonne__... 346| Litsitah Point..._._____ 357 
Lagostint i feland pec iemke? 349 Sept Iles. .....-_-- 345 | Litzki Point. .......___- 341 
nee ene eee 343 | Lesina Island___........ 349] Liverpool_._......._ 330, 340 
Lahaina__._..........-- 360 | Levant__....-..--.----- 347 | Lividonia Point____.__-- 347 
Lahk Huen__...____-_-- 356 | Levkas, Port_...._____-_- 349 | Livonia.......-..--.--- 343 
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Lizard Head_...______-- 340 | Lynaes___.__...--.-___- 344 | Malden Island_....----_- 360 
Ljushage___......-.._-- 344} Lynde Point__._._.___-- 331 | Maldonado_._.-....--_- 334 
Llebeitx Cape_......___- 347 | Lyngor. sues lee 342 Bayeocee ose. 337 
Loanda._..-......----- 351 | Lyngvig...-..--.------- 344 | Malea, Cape_....-.-.-.3 349 
Loango._....-.-.--.-.-- 351 | Lynmouth____..---.-_-- 340 | Malinao____......------ 356 
Lobito Spit.......--.._- 351} Lynus Point..._.._--_-- 340 | Malindi_-..........---_- 352 
Lobo, Ponta.._.....-_-- 339) Lysegrund__._..____-_-- 344| Malin Head___..-_----_- 341 
Lobos Cay_..-_-_-.-_-- , 335 | Lyttleton.__...._...--.- 361) Malinoa Islet_.....---_- 360 
Island. 332, 334, 337, 339 Malithop i. 2222s 355 

de Afuera Island__.. 338| Maasin.__-___-.---_--- 355 | Malmo______-.--------- 342 
Tierra Island_____-- 338 | Maatsuyker Isles______-- 362 | Maloren Islet._..-..---_- 343 
Lobster Cove Head__-... 330} Mabou._.._-_-_--------- 331 | Maloy-skarholmen- - - -_- 341 
Lo Capo Point__...----- 348 | Macao.-__-..------- 336, 357 | Maple____...---------- 353 
Loch Carloway__-.....-. 340| Macapa__.--.---------- 336 Malpelo Island__.....--- 359 
Lockeport........------ 330 | Maceio_....--.-------.- 336 | Malta____..-.-------_- 348 
Lodbjerg.....---------- 344 | Machadinho Island_.--- -- 336 | Mamelle___._.-------_- 352 
LOl0ten. owen ee ee 341] Machala..--..-.------- 338 | Mamoi Rock. .-------_- 357 
Loggerhead Key-_-.-_-_--_-- 332 | Machias Seal Island - --_ - 330 | Mana River. ---------_- 354 
ODBIS Sirota eo eel 344 | Machichaco, Cape-.------ 346 | Manahiki Island-_-__---__ 360 
Loka Island______----_-- 357 | Macquarie....-.-.-..-- 361 | Mananjara_---.-------_- 352 
Loma Point__..-..----- 334 0) 5 Sea ee eee 361 | Manapad roe Suwon 353 
Lombo, Cape. _..-.----- 351 | Mactan Island_.__._.-_- 355 | Manar Island: _...-..-_- 353 
Lombok......---------- 355| Macuti Point___________ 352 | Mandahu Point......-_. 336 
LOM6@: soo eee ee as 351} Madonna. _-_...------- 348 | Mandalike Island... __ 354 
London...-.----------- 363 Island____----- 349, 350 | Mandar, Cape-_...----_- 355 
London, North._._._--_-- 331 | Mado Sho.__-_.-_----.- 358 | Mandvi__...----------- 353 
Londonderry-_-_-.------- 341} Madote Island_-...-..-- 352 | Manfredonia____..----_- 348 
Long Harbor Point. - -- -- 330} Madeleine, Cape. _-___- 329 | Mangaia Island___----_- 360 
Island_-.--- 829, 330, 335 | Madras_-__-_-----.-.--- 353 | Mangalore. ..---------- 353 
Polite ccucae.s : 330, 339 | Madryn....----.---.--- 337 | Mangareva Island-----_- 360 
Beach___.-..------ 338 | Maestra Point_...__._-. 348 | Mangkai Island_-_-----__ 356 
Longonne, Port..-._-.-.- 347 | Maestro Point__.._._--- 349 | Mangkalihat__...-----_- 355 
Longships__........---- 340| Maety Miarang Island... 355 | Manglaralto Point_.-_--_- 338 
Longstone.........----- 340 | Mafamede Island_-_...~_. 352 | Mangrol._._----------- 353 
Longyearbyen_.___.-.-- 363 | Mafia Island_.......-_-- 352 Mangrove Point. ...--_- 362 
Lonsdale Point.......... 361] Magallanes___.......--- 338 | Maniguin Island_-.-_-__ 356 
Lookout Cape_________- 332} Madeleine, Cape_--_----- 329 | Manila___._-_.--------- 356 
Island cw cece 334 | Magdalena Bay... ----- 334 | Maniaci___.._--------_- 348 
Pont. 22242525 332, 361| Magellan Strait.__.__._- 338 | Manigonigo Island- - ---_- 356 
Lopez, Cape___-.-.----- 351| Magero__.-_..--------- 341} Manniklub....-------_- 343 
Loop Head.__...---.--- 341| Magoari, Cape___.____-- 336 | Mano Island__..-----.._- 344 
Lord North Island_..--- 359} Mahabalipur___.....-..- 353 | Manora___..---..------ 348 
Loreto, Port_...-.------ 334 | Mahe Island__--......-- 352 Ponts ocseicessec 353 
Lorient. ooee5 lo. s255052 345| Mahedia___-_-..----.-- 350 | Man of War Cove-...--_- 334 
Lorneville__.......-..-- 330} Mahon, Port.......__-- 347 | Manta Bay_--..------_- 338 
Los Angeles._._..---.-- 334 | Mahone__._----.------- 330 | Manuel, Cape_._-.-----. 351 
Roques Island_.-.-- - 336 | Mahukona_-.-_---------- 360 | Manukau_-__.------.--- 361 
Lota Bay__-.----------- 338 | Maidens Rock____..---- 341 | Manzanillo._......---_- 334 
Lougheed Island__---~-- 363 | Maio Island_-------_--- 339 | Maquereau Point-.-.-_- 329 
Louis, Port.........-<-- 352 | Maisi, Cape___.---.---- 335 | Maranhao Island__-_-.-__ 336 
Louisburg. _..-------.-- 331 | Majorca Island_-------- 347 | Marambaia Rock- ------ 337 
Lourenco Marquez. - - - _- 352 | Majunga__.__.-.------- 352 | Mara To___------------ 358 
Loutre, Pass A_...-.-_-- 332 | Makahuena Point__-_-_-- 360 | Marbella_...----------- 346 
Low Head._...--------- 362 | Makalla__._._-.-..----- 353 | Marbelhead.-+..-.----- 331 
Island_.__..-..---- 333 | Makapuu__._-...-._--- 360 Marble Island...-.-_._- 362 
Isles__..--.-..---- 362 | Makassar.___._--.------ 355 | Marcus Island_.-.----_- 360 
Lowenorn, Cape.__.-..- - - 363 | Makatea Island______--_- 360 | Mare Island_.....-- 334, 336 
Lower Sandy Point_._.... 329| Makatein...-.....-.--- 353 | Marettimo Island_-—__.__- 348 
Lowestoft....---------- 341] Mala Cape____-.------- 334 | Margaree__._----.---_- 331 
TSMCONB serie seri he st eee 356 | Malabata Point..__.-_-- 350 | Margaretville.._._...-._. 330 
Lucietta Islet__.....---- 348} Malabrigo Point.._...._- 356 | Margarita Island__..___- 336 
Lucrecia Point.....----- 335 | Malaga___-_---.------- 346 | Maria Madre Island_---__ 334 
Luderitz Bay_----.----- 351] Malaita Island_....-..-- 360 Reigersbergen_-- ~~ 355 
Ludlam Beach- ~~ -_------ Soo) MAAK KA oe 22 oS 354 Van Vieman, Cape.. 361 
GUNG ised ets Oe id 342 | Malalag__.._..-...-.-.-- 355 | Marianas Islands___..-_-_ 359 
Lundy Island_-__------- 340 | Malamaui Island__-_----- 355 | Marica Island.......__- 337 
Lunnenburg.--...------ -- 330 | Malamocco____-.------- 348 | Marie Joseph Harbor._.. 330 
TANGO ss oe cess ee 342 | Malapascua Island-_-____- 355 | Mariel, Port........-_-- 335 


Lussin Picecolo_...------ 348 | Malarif Point......____- 363 | Marienleuchte__..-..__- 344 
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Mariquitdaquit Island___ 355 
Mariso__.........--.--_- 355 
Mariveles___.....----_- 356 
Market Rock_____-.---_- 343 
Marmagao.._._.------- 353 


Marmara Island_--_ .___-_ 
Marmori Rocks_-_---__-__-_ 


Marokau Island______-_- 360 
Maroni River________--_- 336 
Maro Tiri___..__..---_- 361 
Marquesas Islands. - - --- 360 
Marsala__..__..-.---_--- 348 
Marsa Susa______------- 350 
Marsa Tobruk.-___-__-_-- 350 
Marsden_____-_-.------ 361 

Points... soccaceu~us 362 
Marseilles__.._._.___--- 347 
Mars-el-Kebir_—______-_- 350 
Marsh Point_.__.--_---- 362 
Marshall Islands_-__.__-- 359 
Marstenen-_____--_--_-_-_- 342 
Marticot Island_-__.__-- 329 


Martin Garcia Island_... 337 
Héadin cee 330 
Islands____.-._.--_- 333 
Vaz Rocks. ___-___- 339 

Martinique___..__.----- 336 

Martino Point_..._-_--- 339 

Mary Muss Bay-------- 363 

Mas Afuera Island _-_- -_--- 360 

Masbate Harbor. __-_---_- 356 

Mascat Cove___-------- 353 

aseskar_._.-..------_- 342 

Mashah Island____.__-_- 352 

Mashike..___._-___---_- 358 

Massaua-.___.--------- 352 

Masulipatam.____..---- 353 

Matabao Island__-___-_- 356 

Matagorda. ...--------- 332 

Mataja Island_-__------ 355 

Matakong Island__-_----- 351 

Matanzas. ..-__-.-_---- 335 

Matapan, Cape--.------ 349 

Mata Redonda_-____..--- 332 

Maternillos Point... .._- 335 

Matic scecccusseuecss ge 355 

Matifu, Cape_._._.----- 350 

Matinicus Rock__.___.-_- 331 

Matochkin Strait___..._- 363 

Matsuga Point_....----. 358 

eee Beach. _..------ 330 

cise, iene ates anata 333 

Maughold Head____----- 340 

Maui Island______-----.- 360 

Maunhane Point__-_.-_-- 352 

Mauritius__..__..--_--- 352 

Maurizio, Port._...----- 347 

Mawan Island_______--- 357 

May Island_.__..-.----- 340 
Be ©) :5 9) - ae Re ene 332 

Maya Point_____..----- 335 

Mayan To._.__--.------ 357 

Mayari Point_.......---- 335 

Mayeshiba.__....-.---.- 359 

Mayor, Cape-_...-..---- 346 

Maysi (Maisi), Cape. -_-_-_- 335 

ayumba..__-.....----- 351 

Mazarron...___.------- 346 

Mazatlan. ___....._.--- 334 
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Page 
Mazighan, Cape. ---___- 351 
Mazorca Island________- 338 
Mbaa Point.__-..-__-____ 354 
MeKcean Island________- 360 
McNab Island_____-___- 330 
Meares, Cape__--------- 334 
Meda Island__....--__.._- 347 
Medano Point___-.-__-- 337 
Medway Head_-____---_- 330 


ort 
Megalonisi Island... 349, 350 


Meganom, Cape------_- 349 
Megunyaguto_._.-...._- 358 
Mehediya___..-..------ 351 
Meinderts___...-------- 354 
Mel Island____-________- 337 
POMmts 2.222 r esos 336 
Melancia_____..---__--- 336 
Melangari, Cape------_- 349 
Melbourne. ___.------_- 361 
Melchior Harbor-_-______- 339 
Mele, Cape__..-.------- 347 
Melilla.____....__--___-_- 350 
Melinca, Port__..-.._-_- 338 
Meloria Bank._.__.____- 347 
Melville, Cape._.-..---. 355 
Island__..__--_..-_- 363 
Memba Bay-..-.-.------_- 352 
Memel_____-_..--_---_- 343 
Menado._._.__....------- 355 
Mendanau, Pulo.___.-_- 354 
Mendez Point__...----- 338 
Mendocino, Cape- ------ 334 
Mengachu Point... --.- 355 
Menier, Port___-..----- 329 
Menukwari Road_-..._- 360 
Merauke River. .._-_-_- 360 
Mercer Head_____----_- 330 
Mercy Bay_-.-.-.------ 363 
Merge. eeses sel 354 
Merida__._-.---------_- 333 
Merir Island_____.-__-_- 354 
OPK Rswc oh eee eee 352 
Mersey Bluff._.---.---- 362 
Mersina___-_.---.----_- 350 
Mersing___.....-------- 356 
Mesa de Roldan____---- 346 
Mesolonghion_...._....- 349 
Messaragotsem Point.... 343 
Messina_..._.._.---.---- 348 
Mesurado, Cape....---- 351 
Metaphon Island_._..._- 356 
Methoni_..__--_-_--._. 349 
Mew Island__._..---_--_- 341 
Mexico, Puerto... .__- 332 
Mezen____-.__------ 341, 363 
Miaotao Island. .___-_--- 357 
IVEIC HOG) oe re es So 343 
Middle Island___.._____. 357 
Midway Island_......... 359 
IVECO sai ot ee ios & 359 
Mikelbaka___...______-- 343 
Mikomoto Shima__._.... 359 
Milazzo, Cape.__.____-_- 348 
Mile Rocks______..._--- 334 
Milford Haven________-- 340 
Militar Port.__..._----- 337 
Miller Peak__....__--_- 359 
Mill Island._.......__-- 362 


Page 

Mill Point_..._._______- 329 
Milyutin Point___..____- 357 
Miminegash___________- 331 
Mine, Cape___..__- ~-.-. 352 
Head____--.________ 341 
Minikoi Island_________- 352 
Minorca Island_....._.- 347 
Minots Ledge___________ 331 
Mirador Point_________- 356 
Mi Saki__.____.._.____- 358 
Miseno, Cape____.____-- 348 
Mississippi River-_------ 332 
ISU ose ea 359 
Misurata, Cape_______-_- 350 
Mitiero Teland. Re 360 
Mitsu Shima___.._____- 359 
Mizunoko Shima_-.__-_-- 359 
Miyake Jima__________- 359 
Miyegushiku Fort... _-_- 358 
Moa Grande Cay. .__-_-_- 335 
Mobile_________________ 332 
Mocha Island__._______- 338 
Mocuripe Point________- 336 
Modvugski__.___._____. 341 
Moela Island__._______- 337 
Moen Island___._______- 343 
Moeraki...-..________- 361 
Mogador.__._____..__-- 351 
Mogdishu.____.._.___-- 352 
Mogmog Island__._--_--- 359 
Mogotes, Punta_____.._- 337 
Moholmen.______.___-- 341 
Moisyeeva Point___.._-- 357 
Mojonga._...-...-.---- 352 
ON oer tc Set ce 359 
eee ties 359 
Mokha.....__-_._-__--__- 352 
Mokpo.....__....-.---- 358 
Moleques Rock. .._____- 337 
Molfetta___..__...____- 348 
Molini, Cap@__.__.____- 348 
Molino Point..________- 347 
Mollendo, Port._._..._- 338 
Moller, Port..._.._....- 333 
Molokai Island___._._._.._ 360 
Molokini Island__._____- 360 
Mombasa._____-__-_____ 352 
Mona Island__.________- 335 


Monaco__.-____--.-..__- 347 
Monastir___....._.____. 350 
Mondego, Cape__.__-_-- 346 
Monfalcone_.__.____._.. 348 
Monhegan Island. ~~ -_-___ 331 
Monja Island__________- 356 
Monkstone Rock.______- 340 
Monomoy Point.______- 331 
Monrovia_____..___.__- 301 
Montagu Island______-__- 361 
Montara Point_.._.__.__ 334 
Montauk Point_.______- 331 
Monte Bello_____.__.___ 352 

Circeo___.._.__-__- 348 

Cristie 2s o 335 

de Cuyo__________- 333 
Montedor, Cape._.-.--- 346 
Montevideo..._.....__- 337 
Montreal____..__...._-- 329 
Montrose_........----- 340 
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Page : Page | Page 
Montserrat__......-.--- 335 | Nab Tower_._--.-------- 339 | Neil Harbor. _........_- 331 
Montt, Port_._.._.------ 338 | Nachtigal, Cape__..-...- 351 POM 2 ocsc essen: 362 
Monze, Cape.....------ 353 | Nadyrsale, Cape___._-.- 363 | Neist Point..........__- 340 
Moore Point__........-- S02) NRC sce a sce ooce leks 343 | Nelson__...-.-.--.--_.- 361 
Morant Point___......-- 335 | Nagasaki__........----- 359 Cape.2. oon nccsss 361 
Morayva Tower.......-. 347|—— Bana_-___-_------- . 359 RIVEP: secesse cs. 362 
Moreton, Cape-.-...------ 361] Nagoya.....----------- 359 | Nemoro Ko. ._.--_._.___ 357 
Morion, Cape...---.---- 338 a eee ene arep eee ear 358 | Nemours__...--._.--.-- 350 
Mororan.__...-------_-- 358 | Nain. ..___-_-...---_-- 329 | Neptune, S. Island_____- 362 
Morris Jesup, Cape...... 363 Nakalele Head -_-_---.-_- 360 | Nera Point._._.._.__--- 348 
Morro ues AS he ah cee tebe 334 | Nakke Hoved BE oasis Bee 344} Nero, Cape_..._..._.___ 348 
—— Chico_____._____-- 338 | Na Koro Koro-.--------- 360 | Nerva Islet_..._..-__._.- 343 
Morro Colchas Point_.__. 339| Naku Island__...------- 354 | Neufahrwasser_________- 343 
Morro das Conchas-_----- 337 | Nanao. .._..--~=---.--- 358 | Neuland.__..-..-..-___ 344 
—— de Sao Paulo_____-_- 337 | Nangka, W__----------- 354 | Neunortalik.........___ 363 
—— Lutrin_.._______-- 838 | Nanomea Island - - ~~ ---- 360 | Neuwerk..__.._.._.-._- 345 
—— Nuevo____.__---_-- 337 | Nantes__.._------------ 346 | Nevarin........-...___- 349 
—— Pernambuco-----_-- 337 | Nan To__-------------- 357 | Nevil Island_.:.._..__.- 359 
—— Puercos_-____-.---- 334 | Nantucket.__---------- 331 | Nevis__...-..---.-.._-- 335 
Morros Point___-..----- 332 | Napakataktalik--__--_..- 329} New Bedford._...._.__- 331 
Morsalines...-.._------ 345 | Napier Bluff_..-.------- 361 Britain Islands--.-__ 360 
Morszhovetz Island ------ 363 | —— Port._-.---------- 361 | —— Caledonia___..___- 360 
Mosche Point_-.-.------ 348 | Naples__...------------- 348 |——— Dungeness..._..__- 334 
Morups Tange. --------- 342 | Napoopoo-------------- 359 | —— Georgia. ........-- 360 
Mosquito Inlet_....----- 332 | Nares Harbor_-_--------- 360 | —— Guinea Islands. - __- 360 
Mosquito Point--.------ 351 | Nargen Island. --------- 343 | ——— Harbor Island-_--__- 330 

Mostacilla Point-------- 338 | Narva__.-------------- 343 Haven... ces ck ce. 331 
Mostaghanem.--_--.---- 350 | Nash Point__.--.------- 340 Hebrides Islands... 360 

Mostardas____..-------- 337 | Nasilai Reef__---------- 360 | —— London_...-_.__.- 331 
Mosteiros_..----------- 339 | Nasipit__...----------- 355 Orleans. ..-...--_- 332 
Motukorea Island_------ 361 | Nassau__....---------- 335 | —— Year Island_______- 337 
Moula Chique, Cape-__-- 336 | Natal Bluff__.---------- 351 VOtkedoesen gcd 331 
Moulmein River. --..---- 354 Ports. 242-2 336, 351 | Newbern.__._.......__- 332 
Mount Beerenberg - - ---- 363 | Natashkwan Point- --_--- 329 | Newburyport. _.....___- 331 
Mount Blaze____..----- 362 ties = .4cee orcs 329 | Newcastle____..-...__-- 361 
Mount Desert Rock. ---- 331) Nateara Reef_..-.------ 360 | Newchwang-.--_________- 357 
Mouta Secca Point---- -- 351 | Natuna S. Island_-.----_- 355] Newport. .......--- 331, 340 
Mozambique. .-...------ 352 | Naturaliste, Cape- ------ 362 | Nesugaseki_...-_...-_-- 358 
Muaras Reef_...------- 355 | Nauchow Island. .-_.-_~- B50 | NICO i 2s Se kkewaus sees 347 
Muchi Island___-_---.--- 354 | Naufragados Point- ----- 337 Nicholson, POWs Steele 2 361 
Muerto Island _.-.-.---- 335 Newel Oeste iat ae 349 | Nid Island_____._.__._- 329 
Muhlenfels Point_-_---- - - 300W NSUP 2 2 2bcc cease aoc 359 | Nidden__.--.___---..--- 343 
Mujeres Island... ------ 333 Nauset Beach.....------ 331 | Nidingen_..-.....-..._- 342 
Muka Head_.-.-------- 354 | Nautla.......---------- 332 | Niebla Point...........- 338 
Mulaos.....----------- 349 | Navalo, Port...-------- 346 | Nieuport.__-.._..-....- 345 
Mulas Point_....------- 335 | Navarin____..---------- 349] Nieuwe Diep__________- 345 
Mulege. ..-..---------- 334 | Navassa Island--------- 335 MiSs ceesese donee 345 
Muletivu___------------ 353 | Navesink Highlands-.-_--. Ba2 | NiInOR cco ee ee 359 
Mull of Cantyre___---.-- 340 | Navibandar.___...----- 353 | Niigata.......-..... __- 358 
Galloway - - --- 340 | Navinar Point.-.-.----- 353 | Nikolaevsk.__........_- 357 
Mulo Island_....------- 348 | Navula Reef..._........ 360 | Nikolaieff_.........____- 349 
Miulplaccccectosesecee: 300'| NAZC couse etoess ees 358 | Nikolski_~__--...----.. 333 
Mumbles______.-------- 340 | Nazimof Point._..------ 357 | Nikaria Island_____...-- 350 
Murano Island_._.-.---- 348 | Nawiliwili......-------- 360 | Nile River..........-.-- 350 
Murat Bay.-.----------- 362) Ndenl i ceice cn coshessek 360 | Nine Pin Rock__....-__ 361 
Muroto Zaki___.-------- 359 | Ndua, Cape.__...------ 360 | Ninfas Point....._.... _- 337 
Murray Harbor--------- 331 | Necker Island._.---.--- 359 | Nipe Bay_._.....----- 335 
Island___._._..__-- 352 | Neddick, Cape_.._.---_- 331 | Nipper Harbor_._..___ - 329 
Murro di Porco, Cape... 348 Needham Point_____--_- 336 | Nishinoomote-_-_......-.. 358 
Musdile Islet...-_.-.--- 340 | Needles Rock......----- 339 | Nishi Notoro Misaki-_-.-_. 358 
Musquash.__._.....----- 330 | Negapatam_-_...---.---- 353 | Niue Island___._..-_..- 360 
Musu Kutchi-__...._._-- 357 | Negra Point._....-_---- 337 | Niye Saki_._.-_....--_- 359 
Mutsure Shima. ..__--_-- 359 | Negra, Punta...___.-_-- 337 | Nizmennui, Cape___.__-- 357 
Mutton Island___...---- 341} Negril South, Point____.- 335 | Nobby Head__-____.__- 361 
Muttum Point_..__.---- 353 | Negro Harbor. .-_..---- 330 | Nogas Island__-.......- 356 
Myggenaes...-..------- 363 Island -so22 5502202 ¢ 330 | Noirmoutier Island_- ~~ 346 
Myken__.__-.-.-------- 341 | Negros Island..-.___.__- 355 | Nojima Zaki__..._.____- 358 
Mykoni Island__.___-_.-- 349 | Neguac Gully___-______- 329 Nolloth, Port.._.._.__- 351 


Mwana Mwana Island... 352] Neiafu, Vavau..__.__._- 360 | Nolso_......--..-.--__- 363 
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Page Page Page 
Nomaga Zaki_......_-.-. 359 | Ob, Gulf of___-_..-..__- 363 Bee Harbor___...._-.. 361 
NOMG@ 226 occ cee Obelisk Island-._______- 360 | Otaru___.._.-..------_- 358 
Noord Wachter--.._..__- 355 | Obrestad___......-.__-- 342 Otehishi Zaki...-..---_- 358 
Noordwal.__...---..--- 345 | Ocata_...........-_.__- 356 | Oterneset_...-_....____- 341 
Noordwijk......---..-- 345 | Ocean Cape. ....------- 333 Ose Senate k tents oe. 358 
Nootka. .....-.-.----_- 334 | Ochon To_____._______- 358 | Otranto, Cape._.._.___- 348 
Norah Head_-..-._-.__- 361} Ockseu Island__._-___-_- 357 WAe ict 329 
Nordholmen......------ 342 River. 2 css eon rabid. Cape..._----.-- 361 
Nordoerne........-.---- 1| Ocracoke__........-_.-- 332 | Outao_....-..2- 2 346 
Nordre Ronner Light- Odate Shima...._...__- 359 Out Skerries___...-_.-_- 340 
house....------------ Odderoen._...--.-.-.-- 342 | Ovalau Island___.._____ 360 
Nordre Rose Lighthouse. 344 | Odensholm.___._..____- 343 | Oversay Island_._..__-_- 340 
Norfolk.........-..---- 332 | Odessa___......-__.---- 349 | Oviza__.....-- 343 
Island_..........-- 360 | Offer Wadham_.-_______- 329 | Owls Head_-__..--____- 330 
Norman, Cape--.-_-.----- 329 | Ogasawara Islands - -- --- 360 | Oxelo.._.....------.--- 342 
Norodom Bank-.--....--. 356 | Oghlak.__........-.-.-- 350 | Oxford_............-.--- 339 
Norrskar_......-------- 343 Okena Island. _....-..--- 361 Oxhott Be hat Mita caste ak 343 
Norrtelge_....-....---- 342 | Oigh Sgeir_....__....__- 340 | Oxia__.._.._____-._-_-- 349 
North Bank No. 1._---- 332 | Okino Shima. ._.--..--- 359 Oyster Island_....--._-- 353 
Cape...------- 329, 331 | Okso________.-__-_---.- 342 | Oyster Rock....-.-.-__- 353 

Cays......----.--- 333 | Okure Point__.._--_.--- 361 
—_—— met Cape... 333, 363 | Okushiri_..........___- 358 | Pacasmayo-_-..._..------ 338 
— Head_.....--- 329, 361 | Oland Island_.._-.__--- 342 | Pacheca Island... ._.__-- 334 
Wola sone ee se 343 | Old Ferolle Beacon_.-_.-_. 329 | Pachena Point__..-_.__- 4 
Hogland__......--- 343 | Old Head__....--.__-_- 341 | Packs Harbor Island_-_-_-_- 329 
Island_.._..._..._-- 332 | Old Point Comfort-_-_--_-_- 332 | Padaran, Cape._....---- 356 
Point... 329, 331, 333, 336 | Old Providence Island... 333| Padrao, Ponta..-----.-- 351 
—— Ratan___....--_.--- 343 | Olga Bay._...-.------- 357 | Padre, Port_......._._-- 335 
Schouwen.__...--- 345 | Olinda Point.......-.-- 336 | Padde Head Island__--_- 330 
= Reel ceccecscscusc 362 | Olongapo.......----.-.- 356 | Page Island__.-._..-_--- 330 
= ROCK 22c25sceccs 338 | Omai Saki__....._--.--- 359 | Pagoda Hill_.....-..--- 356 
Ronaldsay-__..-.--.- 340 | Oma Zaki._.....--.-.-- 358 OCK seee owen 55 357 
—— Shields_.._._.._.-- 340 | Omenak Island._.-__-_- 363 | Pago Pago_...-...---_.- 360 
Tracadie Gully--_--_- 329 | Ommaney Cape-.-..__-_-.- 333 | Pahang River._...._.-__ 356 
Unstecncuucsotecs. 340 | Omo Island_.._.__.-..- 344 | Paimboeuf...._..-.-.-- 346 
Watcher_._.._- 355, 358 | Ona... ~~~ 342| Paita._......-.-..--__- 338 
Northern Two Cays-_.-.-- 333 | Ondverdarnes__-_-.._---- 363 | Pajaros Island-----. 334, 338 
Northumberland, Cape -. 361{ One Fathom Bank-_----- 354 Valete oes b en 338 
Norway Island_.._..-.-- 356 | Onega_..___.---------- 363 | Pakchan River... --.-- 354 
Noshappu Zaki. ..-.---- 357 One® Tree Point....._.-. 362 | Pakerort..........---.-- 343 
Nosi Anambo.....-.-.-. 352 | Ons Isla_......--.-.--- 346 | Pak Kruen_.._....-_--- 354 
bein Sarna aon: ies 352 | Oondogu.__.--.--------- 358 | Pakusa Point_.....----- 357 
—— Langor_.....--._-- 352. | Oporto.2.. 222s cen cue 346 | Palamos___._...-_------ 347 
—— lava fatand Stet ee B02 | OTanes a: oboe oe os es 350 | Palau Islands_._..._-.-.- 359 
Voronas........---.- 352 | Orange Bay___.-._----- 329 | Palauig Point........--- 356 
Noss Head.......-..--- 340 | Oranjestadt_-._....--.-.- 336 | Palawan Island_-..__--- 355 
Nossa Senhora da Luz... 346} Oranienbaum--_----.-.--- 343 | Palermo._.........---.- 348 
Notoro Misaki... -....-_- 57| Orca Bay_..----------- 333 POM ence eset ew 349 
Noumea....--.-------- 360 Ore. 22.0 osen eee ela. 344 | Palinuro, Cape_._....--- 348 
Noup Head......------ 340 | Oregrund_..........._-- 342 | Palliser, Cape_......---- 361 
Nouvelle, Port_......._-- 347 | Orfordness._......----- 341] Palm Beach W_.--.----- 332 
Novara Point___--.-__-- 349 | Orinoco River. .....---- 336 | Palm Point_.........--- 351 
Nova Redonda......---- 351] Orlov, Cape_..---.----- 341 | Palma Island_..-...._-- 339 
Novaya Zemlya_____._-. 363 | Ormar___._......------ 353 | Palmaiola Island_-_-_----- 347 
Nuevitas_..._._.-.--.-.- 335 | Ormoc.___.__..---.----- 355 | Palmas, Cape_____...-.- 351 
Nugget Point.._....-.-- 361 | Ornskoldsvik...-------- 343 | Palmerinhas Point-._--_- 351 
Nui Nai Point......_.-- 356 | Oropesa, Cape._--.-.--- 347 | Palmer Land_....-...-.- 339 
Nuku Hiva___.._...._-- 360 | Orrengrun._.___.--- 342, 343] Palmyra Island._.._..-- 359 
Nukualofa__......-..--- 360 | Orskar_........-.----.- 342 | Palominos Rock..-.-...- 338 
Nukunono Island_-.-_--- 360 | Orso, Cape_._..-------- 348 | Palompon__.......-..-- 355 
Nurmis Island. _._._..-- 343 | Ortholm.__..._...---_-- 342] Palos Bay_.....--.---.- 355 
Nuwuk Islands. ._.._--.- 362 | Oryogu To__.._-..-.--- 358 2 6 eee ee ee 346 
Ny Dore soe Secs ens owe ee 344 | Osaka__..-_..--------- 359 | Palumbo___....-------- 348 
Nyhamn.......-.--.--- 343 | Ose Saki__.-.....------ 359} Pamban___...........-- 353 
Ny Sukkertop...-._..-- 363 | O Shima..._.......---- 358 | Pampatar......-.--.--- 336 
Nyudo Saki.........__-- 358 | Ostende__....._...----- 345 | Panama___..__._....---- 334 
Ostergarns__..-_.._._-- 342 | Panaon Island________-_- 355 
Oahu Jsland._.........- 360 | Osthammar.........-_-. 342 | Panarukan_......_...-- 354 
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Page Page Page 
Panela Rock......------ 337 | Pedras Point... ..-.----- 336 | Picacho. -...---.---.--- 346 
Pango Point._.....----- 360] Pedras, Porto de__--__-. 336 | Pico Island._._..--.-..-- 339 
Pangkai Island___.-_.-_-- 354 | Pedro Foint....------_- 353 | Picolet Point.-..-....-- 335 
Pangkor.....---------- 354 | Pe Polntecccscceness 330] Picton Harbor.__....--- 361 
Panjang Island___--_--- 360 | Pegolotta.-..-_- ean eee 348 | Pictou Island.........-- 329 
Panmure Head_...---_-- 331] Peitau Kaku__...-..--- 357 | Piedras Blancas.......-- 334 
Pankof, Cape.__...-.--- 333 | Peiyushan Island_--_----- 357 COBY soc ceee os cows 335 
Pan Reef_...__-__-_-__- 354 | Pekalongan_.__....._--- 354 Pointe nc4e eeu 337 
Pantellaria Island ------- 350 | Pelagosa Island. --.--_--- 348 | Piedra Point........---- 356 
Panyansomu Kuchi------ 357 | Pelasgia Point.....-...- 349 | Pigeon Point....------- 334 
Papagaio Island.___-__--- 336 | Pelew Islands_......__-- 359 | Pignataro_.....-----.-- 348 
Papas, Cape eteerale 349, 350| Pelican Point_........__- 351] Pillar Rock._....-.--.-- 335 
P8006 cos2cn es eetes wk oe aces 343 | Pellegrino, Cape_-._---- 349 | Pillau_.......-.-...----- 343 
Papeete....--.--------- 360 | Peloro, Cape....-------- 348 | Pilot Rocks_..---.-.---- 333 
Papey Island__.......-- 363 | Pelzer Haken____..-_--- 344 | Pinda_.._.....--------- 352 
Pappan Island_.__..-.-- 355 | Pemba Island_.__-_-_--- 352 | Pine Cape_.__...---.--- 329 
Pappenze....---------- 343 | Penas, Cape_.__.--.---- 346 | Pinnacle Island-~.-..---- 358 
PATO eset jaentais wee nie 336 Fencarrow Head_....-_- 361 | Pino Islet_.-.....-.---- 337 
oe Rivered sence cee 336 | Pendeen..._-.---.----- 340} Pinos Point_.....-...--- 334 
Parahiba River... _..-.- 336 Pendulum Islands- _-__--- 363 | Pioppetto Point......_-. 348 
PATAN Race eee eee 355 | Peneda Point_.....----- 348 | Piper Island_-......--.- 362 
Paranagua Bay.._.----- 337 | Penedo da Saudade------ 346 | Pipon Island___...-_.--- 362 
Parath. ..2..222-2-c5ctcc5 337 | Penguin N. Island_-_.- ~~. - 329 | Piraboca Rock. ...---- 336 
Paratutai Island. _.._--- 361 Islands.... 330, 337, 361 | Piraeus. .........----.-.- 349 
aredon Grande Cay... 335 Wslete2 cose se cele 339 | Piram Island......--.-- 353 
Parenzo_......--------- 348 | Peniche__.--...-----.-- 346 | Pirano___...----..----- 348 
Pargo Point_.....------ 339 | Peniscola_........-- 332, 347 | Pirate Cove__..-..----- 333 
Parinas Point_....._..-.- 338 | Penmarce’h___-..------- 345 | Pisang Island_....-.---- 354 
9 9 |. ee ee Oe 345} Pen Men___--.--------- B45 | Pis00 cee cecoeseecesn 338 
Parnahiba River... .---- 336 | Pennant Harbor- ~~~ -- -- 330| Pitahaya Island_.--.--~_- 336 
Paramaribo_._.....-.--- 336 | Penna Point._......---- 348 | Pitcairn Island__..-.__-- 360 
Paros Island_......-.--- 349 | Penninis...._.....--.--- 340 | Pitea.__._.....-------- 343 
Partridge Island... .__-- 330} Penrhyn. -...----...--- 360 | Pitmans Island--_-_-_.-- 330 
Pasado, Cape.__....-.-- 338 | Pensacola__.........--- 332 | Pitsunda Point__....---. 350 
Pasajes, Port_......----- 346 | Pentland Skerries... _-_-_ 340 | Placentia_.......------.- 329 
ascamayo.___._..-.---- 338 | Pepeekeo Point. .____--_- 359 | Pladda Island_.....----- 340 
Pasha Island_-..._----- 350 | Pera, Cape.....--.---.- 347 | Plaka, Cape._..--.----- 349 
Pasi Tanette_._..._...-- 355 | Perce.........-.------- 329 | Plana Island___.....---- 347 
Pasnic Gsseudecen2 ese 353 | Percy Isles__...-------- 362} Plane Island_...--_..--- 350 
Paspebiac Point...._..... 329] Perim Island.__....- _- 352 | Planier Island. _._...-.- 347 
Pass South. _.-_.-.----- 332 | Peritan Island_...._.--- 353 | Plata, Port.........---.- 335 
—— Southwest____._--- 332 | Perla Cay__._.--------- 335 | Plate Point__-.........-- 330 
Wsland icc Seee ewe 330 | Pernambuco. ...-....--- 336 | Platte Fougere._......-- 341 
Passero, Cape._...-.---- 348 | Pernau__....-..-..---.- 343 | Playa Ancha._.....----- 338 
Island___....-.---.- 339 | Perpendicular, Point----- 361 | Pleasant Island__.__..-- 359 
Pastolik River.....__..- 333 | Perroquet Island_------- 329 | Plum Island.__._..-.--- 331 
Pasuruan_.........----- 354 | Pertusato, Cape._.....__. 347 POiMte 22.220 ose ee 335 
Pata Point..__.._------ 356 | Pescadores Island... ____- 357 | Plymouth______ 331, 335, 339 
Patifiito Island........-- 334 | Pescador Island__.._._-_- 355 | Po Point........------- 355 
Patea River._......-.-- 361 | Petalidi_............ _- 349 | Podpakhta._._.-.------ 341 
Pater Noster_..-_...---- 342 | Petang Point_.._..----- 355 | Poge, Cape___.--.------ 331 
Patos Islands._.......-- 334 | Peter First Island. -_ _-_--_- 339 | Point d’Ostro_._....---. 348 

POWAS aco ate as 349 | Peterhof__._.......---- No Point_.....---- 
Pattilliguaje Rocks---_-_- 338 | Petersdorf__.........--- 344 | Pointe a Pitre......._-- 335 
Paukaa Point.......---- 359 | Petite cone Sea es ah 346 d@’Ailly_....----2-- 345 
ls PONG soo ue 360 | —— Terre_.__....___-- 335 de Creach......-_- 345 
RE ere ane pee 349 | Petit Maven Island_..... 331 de Grave.......-.. 346 
Pisuan Island.___--.--- 355 | Petropavlovsk....._---- 357 de Vere__._-.__--_. 345 
Paz Island_...-.------- 337 | Pettini Rock_......_.__- 349 des Galets......--.- 352 
Pearl Bank_._____.-.--- 355 | Phassa, Cape__....-.--- 349 des Monts._...-.-- 329 
Island_........ 330, 333} Philadelphia__.-_.___.__- 332 des Poulains...__.- 345 
Peases Island........--- 330 | Philipp Broke, Cape. ---- 363 | —— du Chene___._..- _- 329 
Pechora___..----------- 363 | Phieva Island_...._.._-- 349 Haut Banc.... 345 
Peckford Island__._.___-_- 329 | Phoenix Islands.___._.- 360} Pola..._._..------- 2 348 
Pedagne Rock. ..___-_-- 348 | Pholegandros Island. --_-_ 349} Polillo......-.....-..-- 356 
Pe@dAS0 accesses ck O46 Pl POR sess i cate 347 | Poljana Point.......___- 348 
Pedra Branca... ------ 354! Piana Rock..__._------- 347 | Polo Point... __- 355 
do Sal______...-_-- 336 | Pianosa Island_____- 347, 348 | Polonio, Cape_......_.__- 337 


— Secca___.._----_-- 336 | Piave Vecchia_________- 348 | Polveraja__..-_..-__.__ 347 
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Pomquet.........------ 331] Prospect Harbor. ---.--_- 330 | Quelpart Island__._.._-- 358 
Ponape Island. .-_...._- 359 | Proven._._..---_-----.- 363 | Queimada Grande Island. 337 
PONCE. .ous sere cecke ese 335 | Providence__......--_-- 331 rea PONG cao u 341 
Pondang Island_-___...-- 355 | Psara Island_._......--. 350 | Quequen.___._.-------- 337 
Pondicherri_._.........-- 353 | Psathura Island__-_----- . 349] Querandi___._._...._-_- 337 
Ponente Point__......-- 350 | Pubnico Harbor__-__--- - 330 aan tp Bay 22566605. 329 
Ponsella Point.......--- 347 | Puchoco Point__.._--_-- 338 iepe Island_.....--.-.-- 337 
Ponta Delgada._..._.-.- 339 | Puerto Ballarta__.....-- 334 | Quilon___._..-...-.-_-- 353 
Ponta do Barra Vermelho_ 336 Cabezas_..-_.----- 333 | Quiriquina Island--_~.._-- 338 
Ponta do Barril_._------ 339 Cabello._.......--- 336 | Quito Sueno Bank______. 333 
Ponta do Sol___.--___-- 339 Colombia__...----- 336 | Quoddy Head pt ene 330 
Jalungu....--...-- 339 de San Benito___.-. 334 —— West_______-- 331 
— Lobo__...._..____- 339 | —— Mexico._..-------- 332 | —— Sautkoet ats 330 
—— Machado...___._-- 339 Yavaros_.....----- 334 

—— Matirre.._._....-- 352 | Puffin Island_._--_-- 329, 333 | Rabat. ....-.---------- 351 
— — Padrao._...._-.--- $01) PUukCticccccccccccaceows Rabaul. _.....---.----- 360 
da Piedade-_.------ 346 | Puki Kaku____._-.----- 357 | Race Rock. ...----- 331, 334 

Ponza Island__._._.._-- 348 | Pukionsari_.......-.---- 343 Cape eco e eee 
Pope Harbor_..___--.-- 330 | Pulicat_......-...------ 353 | Rachado, Cape... .----- 354 
Porbandar...-.....----- 353 | Pulkovo, (Pulkowa) ---.- 343 | Rade d’Agay-_._.--.---- 347 
Porer Rock.-.._..------ 348 | Pulo Angsa_____--.----- 354 | Raffles Island___._..--~- 354 
Porlamar.........------ 336 | —— Besar. -.---------- 354 | Ragged Island_...-.---- 329 
Porman.........------- 346 BOO. 2223202525852 354 POG s3cc co eee 336 
Porquerolles........---. 347 Bras cccwoccedjdene 354 | Rags Island.......----- 329 
Port au Prince__._------ 335 BUP 224 2cc.cawsmess 354 | Rajapur___.._-....------ 353 
Port of Spain_._.....-:-- 336 Dapur__.....------ 354 | Rajpuri Point___....---- 353 
Portland. 331, 339, 361, 363 Dayang Dayangan.. 355] Rakahanga Island_------ 360 
Head eric fulk 331 Karsik_.......---- 354 | Ramea Island_..-------- 330 
1 ee a ee 361|—— Katak.__...--_---- 354 | Ramkine Island..--.-.-~- 350 
Portage Island_.._.--.-- 329 | —— Labu.___--_------- 354 | Ramsay Point---------- 355 
Portalis Point.......-._- 356 Lebars.i.ce sence 354 | Ramskar Rock...------- 342 
Porthcawl..._.__...---- 340 | —— Mendanau..----.---- 354 | Rancheria Point-------- 335 
Portofino._...__....---- 347 | —— Niamuk_---------- 354 | Rangitoto Island-_------_- 361 
Porto nrande eet ate 339 | —— Obi__.-.---------- 356 | Rangoon____...-------- 354 
tet atiiahe heed t 348 Pandang.._.------. 354 River._...-----.-. 354 
Portamouth ny eeeer ene 331, 339 Penang._....------ 354 | Ranzow__....---------- 344 
Portzic Point_...______- 345 | —— Pisang....-------. 354 | Raoul Island_.--.-.---- 360 
Pospyelov Point___...--- 357 | ——— Sau_._.-.--------- 354 | Rapa Island. .--_..----- 360 
Possession, Cape_.--..-- 338 Temang---_-------- 354 | Rapada Island_--------- 337 
Postillon Island.._..__-- 355 TIKUSe.s62e2en 5256 354 | Raper, Cape_..--------- 338 
Osiseietetendu Susu 350 Undan. 3.202025: 354 | Rarotonga Island- ---_ __- 360 
Pouto Point......._---- 361 Wehectceuuctecess 354] Ras Afia..------------- 350 
Povorotni___.......---- O07 | PUnR eos occu eceekt ws 338 | —— al Bir___..-------- 352 
Powles Head____.____-- 329} Pungume Island__._-.-- 352 | —— Allem el Milhr__-_-_- 350 
Practicos Point. _...-.-- 335 | Puntarenas__......----- 334 | —— Al Mashia--_-.---_- 353 
Wega bace cues 343 | Punta del Este___...---- 337 | —— Atia._...----.---- 350 
Praia, Port......_...-.-- 339 Angamos..-_-_.---- 338 | —— Beirut_.-_..-----_- 350 
Prasa River._.....-.--- 356 Arenas.__---.----- 338 | —— Boasa_.__----.---- 350 
Prasonisi, Cape__.____-- 350 Brava__...-------- 337 | —— el Kalia__.--.__--- 350 
Prassudo Island...__.--- 349 Corona___..------- 338 | —— Ekapapa--.-.------- 352 
Preguica._..........--- 339 Gorda____-.--- 333, 334 | ——- Engela_..-.-.----- 350 
Preguicas River_.....__- 336 | —— Lage_._._.-------- 346 | —— Gharib__--.-.._--_- 352 
Preta Point.._.......... 339}—— Nador_.___....-.-- 351 | —— Hafun-.....--._---- 352 
— Rock........--.--- 337 NO@RTAs 222 conta e oe 337 | —— Ibn Hani.-._-...--_- 350 
Pribilof Island__._._._-_- 333 Robaleira___..----.- 346 | —— Kanzi____-_-.__-.- 352 
Price Island.......___-- 362 | ——- Rossa......------- 347 | —— Kegomacha.--_.---_- 352 
Prieta Point.....-.-._-- 334 | —— Salinas___.....-.-- 335 | —— Marshag.-.-_.-.-- 353 
Point________- 330, 331 Blilos2c edeowenwese 348 | —— Mkumbi-_...-_____- 352 
Prince of Wales, Cape... 333] Puri_..---------------- 353 | ———- Muari___----.--_--- 353 
Prince Patrick Island__.. 363} Puto Suido.-.-..--_---- 358 | —— Nungwe..__-__---_- 352 
Princesa, Port. ._.__---- 355 | Puysegur Point. -...---- 361 | —— Serani..__.....___- 352 
Princess Royal__.___.--- 362} Pylos Island__-...-.-_-.- 349 | —— Tanurah__._._____- 353 
Prior, Cape.........-_- 346 —— Tina__.---.-__.__- 350 
Priorino Chico, Cape..-. 346} Quaco Head.-......-.-- 330 Turgeuness_.___._- 350 
Probolingo__.-..-_--_-- 354 | Quaker Island_______--- 330 | Rasa Island. _.-___-___.- 355 
oe sland___..__--- 348 |} Quartermaster Island.._. 338] Rasca Point___________- 339 
Bde el mea a aspen Sg 333 | Quebec__.__........--. 329] Rascas Point..._..____. 347 
Pro aah Island_____---- 333 | Queensport_____...._--- 330 | Ras-el-Tin___..._______- 350 
Prongs Reef_...._.___-- 353 | Queenstown. __.__-- 341, 361 | Rashgun Island__..____- 350 
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jE OPT, Se Oe 839 | Robert Point__._..____- 341 | Rudbjerg Knude_-_____- . 844 
Rate Ieee cso csescac 336 | Roberts Point______---_- 584) Bodh Re. 2-52. cncsces 340 
Ratan, North_---------- 343 | Robinson Point-------_-- $94 | Roe Point... os cccciuce 341 
Rathiin Taland....<.-.u 341] Roca, Cape__...-------- SAG} TUMSGUG 5 6c cnedliinesd 351 
1) BGG. os siceen= 341] Roca Partida__________- 382 | Rugenwald--..........- 343 
Sg a ee ee ee 353 | Rocas Reef._______- 336, 339 | Rugged Island__-______- 357 
Rattray Head. en csccce 340} Rocchetta__.._________-_ $46) Rundo..2..-..cncc La wle 342 
BAGH WOO noc ccceksn 363 | Roche Point_____-----_- 341 | Rupert Island_---_____- 338 
ay, Cane... os ccehecas< 330] Rochefort. _.--_-------- 346 | Russaro Hango-_-_-_-______ 343 
Rasa Island_-....---..-- 337 | Roehebonne_-__--------- 345 | Russell, Cape___._______ 363 
a eS eee 337 Rochela Point_--------- 339} Ru Stoer ee eee ae 340 
BAN; CRD noses Sani sinew 346 | Rochelle_______-------- B46 | Ryojun: Bo... ccswsects 357 
BAMOU. wactscceacbol os 347 | Rochelois Bank _-_-_-_----- 335 | Ryvarden..........2..22 342 
Rebecca Shoal - - - ------- 3321 Roches Douvres__-_------ $45 | RyVingon.... 665552554 342 

DO ee ae Cote 336 Rochon, Cape SA I 362 
AR ewes ewes 351] Rockabill.__..___------ BE) A on ehsetaenestoce 335 
Red Bay ( (Saddle I.)____- 329 | Rockuren_...-_-------- S50 | RODRNE an osecessarwenis 356 
Redding Necks. <ccssad-0 334 | Rockland._.___.__-__-_-- 331 Pais ecuccecesck us 356 
Redonda Islet__-_---_-__- 335 | Rocky Point...-._------ 333 | Sabine Bank___---______ 332 
Heel IQGNE Wo occ cubes 354 | Rodkallen__.______----- 343 PMB ica atime nice 332 
Refugio Island_-----_-__- 355 | Rodoni, Cape__--------- 349 | Sable Cape Island_______ 330 
Regencia Augusta----___-_ 337 | Rodsher Islet_._______-_- S49 1 MANO DU0sccs cnc cekeuswe 357 
RON ee sre abe seer 360! Roesa Island_.________- 354 | Sachibaru Zachi__-______ 358 
A cts acnlcntach ahi Sed ans 358 COS SES ee ae 353 | Sacramento-___..---..__- 353 
Ramedias ot ee 334 | Rojo, Cape_------------ 335 | Sacratif, Cape. _.-._.-__ 346 
Rendova Harbor. -__--__-_- SOO Wobabt on 357 | Sacrificios Island________ 332 
Reunion Island_----____ 352 | Rokugo Saki__._-....-.-. 358} Sada Misaki-_-------..__ 359 
NOOR cantata tes dapasidenige 343 | Romana._____.-------- 335 | Sadashivgad_-___---____- 353 
Revellata Point__---___- 347 Romain, Cape______---- 332 | Saddle Island_____.____-_ 329 
DOVERGOR. <cwiccce cece’ 344 | Romanoff, Point_______- 333 1s 2: epee ea oe 357 
PABVEVON oui cca meni niea 363 | Roman Rocks_________- 351 | Sado Shima... 2262.25.- 358 
Reyes. Pome. <-.0052554- 334 | Romanzof, Cape_-__-_-__- 333 | Safety, Port._-----..___ 333 
ROGeRNONGi eo cates. se BOS | Pie hald faland «O42 | B@Reen sans coc emce 351 
ROY RIRGNE oto ce had 363 | Romblon_____.__-.----- 356 | Sagar Island____--_____- 353 
Reythur Fjeld___---___- ag BL | a a ae S48 FORCES. so ae eteccadk 346 
Rhinns of Islay = .o.2.... 340 | Romero, Ponta_______-_- 352 Bigca ta Grandésc. ccd 335 
FRIG BURA on ce 354} Rompido de Cartaya____ 346] Sahirig Island___________ 352 
Rhodes, Port of._---..-- DO Pata oo ott B44 DOIG, F Ol Gisstaceekavans 350 
Rhodes Island ------_-___ 350 | Rona South_._.______--- 340 Ne ondand Son 350 
Ribadeselis... 5 2.cscc... 346 Ronaldsay N__--------- 340 | Saigo Misaki-----._--_- 358 
Bingud Grand so. caccccc 347 | Roncador Bank________- 908 | GAIRO0.. 5.2 eee ckec ein 356 
Ribeirnha Point__---___- 339 | Rond Cape__--_----_--- BST NRE ROCK ba eee wd chen 335 
Richardson Rock_-__-___- 334 | Ronnskar_......_____-- 345:| Saint. Barbe. 2... .ccu.. 346 
Richibucto Head_ -- ---_- 329 | Rook Island........___- 330 Inglevert.......... 345 
Rion Poin. cose ss seeds 330] Rosa, Cape__.-_------_-- 350 | Saintes Islands__________ 335 
Richmond River- ---_-__- BOL Tanase oS $47 | Saipan Teland. <2 ..... 359 
DDB inins neta a pea oc Sims 343 | Roseau____________-_-- BaG WAGON inna dee naesacacia 358 
Rigny Mount....-.-.... 363 | Rose Blanche Point____- 330 | BBKOl. occ 5 saccemswe 358, 359 
Rimau Island_------_--_- OOS Reantta .. sane. RAE RRO 5b cig tae alemcos 358 
RING KIO. 2.0055 4s5555 344 | Roseway Cape_______--- Rel) PORUANRS on 23 cisage se 358 
Rio de Janeiro_-_-__------ OO! | Prnowis.......... -..-5 B49.) SARONNGU. oc eccccucsene 331 
BAGOS ONO ss.ccaaeaeuss 351] Ross Island___......_._. aes | a iY 343 
BA A000 nig wn ees wpe 337 | Rossel Island...__...... 260: Sal Inland...o..-2sec00c 339 
Rio Grande do Norte_--- 336] Rossello, Cape_________- 348 | Sala y Gomez Island-__-___ 360 
ae Bol | Pastogk oe B44 | BOIAVENTY «2 os icecoxdsuc 338 
6 DIATE ae enw a's noid OT ee ees BAD | DAGGER. coca eentonsecs 355 
INGE swlsawoeuexs 337] Rota Island___________. B50 | CRMC inca ccan onewimele x 331 
Rishiri Shims. 35 scans 358 | Rotekliff............... S46 | CARING 6565 nat ewawos 348 
Riso Point... 2sscc2 sen 348] Rotoava___.__._._._.._... $60 | Salerno eeccui ees 343 
RUM sas dete cnneecens 343 | Rotterdam__._________. B45 | BANS Orsi. co cmcckwdn's 334 
Rivadesella (Ribadesella)_ 346] Rotti Island_._________.. 355 St) Ce eee 348 
Rivet Tet eccskneccnxs 340} Rottnest Island_____.__- 362 | Salinas, Cape_------.-_- 347 
Riviere a la Martre______ 329} Rottumeroog_-_-_-_____-_- 345 POMS - chewesina cosy 351 
Rivoli Bay_.-.----_-__- 361 | Round Island__-___-__-- 332, |—— Punta_........--.. 335 
Rixhoft (Rosewie) 343 340, 353, 361 | Saline Point___--.--._- 336 
=e eiahidsa daalaeaata _______..___' 859 | Salmon Cove Point_____- 329 
Rizzuto, Cape--.------- 348 Fivwaarahelean Se es TO Ue CO 341 
Robaleira, Punta-_------- OSG tetany. kk 348 | Salomague______--____- 356 
Robben Island_--------- 351} Ruad Island_..._..._.... S60 | SRIOKIKR. oc accswckuweua 349 
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ou, Cape.........._- 47|San Paolo Island_....-.- 348 | Santiago. ........-- 335, 338 

Sal Rei : Eeeaeet arenes 339 Pedro Island-_-__._. 338 | —— Cape_......--..-_- 
Salt Cay_..-....-.-.--- 335 | —— Pedro de Macoris.._ 335 eae Island-___-_.. 832 
Saltvaerholmen.--_..__-- 341 | ——- Philipe.._..._..__-- 339 | Santo Alberto._.......- 336 
Saluag Island___....._-- 355 Pio om eee ae 337 Domingo. -._..-..- 335 
Salut Island...-.---_--- 336 | —— Rafael faland___-_- 334 | Santona.._....._.------ 346 

Salvages Rocks. -....---- 330 | —— Raineri___.....__.. 348 | Santos__........-.----- 
Salvora Isla.....-.----- 46 | —— Salvador. .._-..__- 335 | Sao Francisco do Sul_-____ 337 
Salvore_........------- 348 | —— Sebastian........_- 346 oao da Barra.-..-- 337 
Sama, Port.......-..--- —— Cape_.._____- 347 | —— Pedro Islands_-_-___- 337 
Samana, Cape- --.------- 335 | —— Shan Tao-___..__-_-- 357 | Sebastiao, Dha__.-..--_- 37 
—— Point.......--.--- 349 | —— Telmo Point___.__- 334 Thome-_.........-- 351 
Sambergelap Island_-_--- 355 | —— Vicente__.......__- 356 | Soana Island....-.----- 335 
Sambro Harbor. -.-..-..-.- 330 | —— Cape.......-- 346 eapenbs BOY seceecncues 337 
—- NG soe seh oes oces 4 330 | —— de la Barquera.._ 346 | Sapelo Island_-_....---.- 332 
Samoa Islands. ......--- 360 Vito, Cape__...-.-- 348 | Sapienza Island. --~-.-_- 349 
OCOwecceoadoctecucn 336 | Sanak___._.....------- 333 | Sappi_-...-...------.-.- 343 
Sampanchau_....-.-.--- 357 | Sanda Island____._._--- 340 | Sapudi___......--...__- 354 
Samso Island_.......--- 344 | Sandalo, Cape.__....--- 347 | Sardao, Cape_._..--._-- 346 
Samzenpo-.-_-......------ 358 | Sandakan......._...-.- 355 | Sardinia Point. ...._.__- 339 
San Aribrosio Island_... 360 | Sandhammaren. ---..---- 342 | Sarich Point._...--._--- 349 
——~ moauedn Cape...-- 355 | Sandhamn_-.-_......._-- 342 | Sarichef Cape_....--.-.- 333 
—— Andrea __....- 848, 349 | Sand Hills___.......___-_ 341 | Sarigan Island-_..._._-_- 359 
—— Antonio, Cape..... 335, | Sand Key______......-- 332 | Sarita_._.......-.-.-.-_- 337 
, 346, 347 | Sand ape....-..----- 361 | Sarkiluoto_......---.-.- 343 
—— —— Island.._.._-- OOK cceseceessuus 332 | Sarside Point. -....-.--- 340 
—— —— Point......_-- 339 | —— Island_.....--- 335, 361 | Saruyama Zaki. ~~... _- 358 
—— —— Port... 337, 338 | —— Neck_.........---- 331 | Saseno Island__..-.-__-- 349 
— Benigno....._.---- 347 | Sand Spit. _...-.-.----- 330 | Sassandra..-_.....---.--- 351 
Benito, Puerto de... 334} Sangage...........-..-. 352] Sassnitz...........--.--. 344 
—— Bernardino Island... 355 | Sanganeb Reef__...-_--- 352 | Sata Misaki. -......_._- 359 
—— Blas_........----- 334 | Sangerdi__......---.--- 363 | Satellite Point.....-...- 338 
—— —— Cape._.....-- 332 | Sangkapura_....------- 355 | Sauls Island ------.---.- 330 
—— Carlos__........--- 355 | Sangley Point__...--.--- 356 | Saunders, Cape- - --. 339, 361 
—— Cataldo..._....-.- 348 | Sanguinaires Island-__-- - 347 | Savage Island__....-_.-. 353 
—— Cristoval Point... - 339 | Sanibel Island......_.-.- 332 | Savannah..-.-_...----.. 332 
— Domino Island... -. 346 | Sankaty Head-.....---- 331 | Savusavu Bay.-_--.-.-.- 360 
— Elia, Cape._._....- 347 | Sansego Island... .-...-- 348 | Sawu Island. ----......- 355 
—— Emeterio......_.-- 346 | Sansendai__.....-..-.-- 357 | Saybrook.._.-.---.----- 331 
—— Felix Bay.._.....-.- 38 | Santa Anna.._-.-..---- 336 | Scaddon.....-.-..------. 340 
Fernando_....- 346, 356 —— Island__....-- 337 | Scalambri, Cape... ..__- 348 
——— Point...._...- 356 | —— Barbara. -.-_....--- 334 | Scalea_.---.----------- 348 
—— Francisco.-_.......- 334 | —— Carolina Island__-_--.- 352 | Scapbay Island---.- ~~ --- 340 
Giovanni di Pelago. 348 | —— Catalina___......_- 346 | Scapa.__...--------.--- 340 
Isidro, Cape....--- 338 | —— Island... -.-.- 334 | Scarborough-_....-....--- 341 
— Jacinto._.........-- 356 Caterina_......-.-- 348 | Scatari Island__.......-.. 331 
Jorge, Cabo._.....- 337 Catharina Island... 337 | Schanck, Cape--..----.-- 861 
orge Island. __...- 339 | —— Gisew3s 338 | Scharhorn 1 ape 345 
—— Jose Island._.-..-- 334 | —— Croce Rock...--.--- 348 | Scheveningen-.-....-...- 845 
—— Antique. __ _-- 356 | ——— Cruz__...---- 334, 337, | Schiermonnikoog.-_.---.. 345 
—— —— del Cabo..__-- 334 339, 355, 356 | Schleimunde-.-_---_-._---- 344 
—— — Ignacio Point. 337 | —— Islands--....-. 360 | Schleswig_....---.------ 344 
—— Island_.....-- 334 | —— Elena Point___...-- 338 | Scholpin.....-..-.----- 343 
—— Juan, Cape.____.-- 335 Eufemia__.......--. 348 | Schonberg.-..--..-..--- 344 
——_ — del Sur____.-- 334 Luzia Point._....-- 837 | Schouwen, North__...... 345 
— Point_.....--- 338 | ——— Magdelena Island__ 338 | Sciara Biscari__..-....-- 348 
—_— =o POM scccees seks 335 AMA ceeeec de ok 347 | Scilla__......--...-.--- 348 
—— Lorenzo. -_......-.- 334 | —— Cape.---- 337, 346 | Scilly Isles__..........-- 340 
—_—— ape....----- 338 | —— de Leuca_-_-_-- 348 | Scorpion Point.-......-- 352 
Luis Obispo........ 334 | —— Island.___ 338, 339 | Scotch Cap..-..-....--- 333 
—— Marco, Cape_....-- 347 Marta__......----- 336 | Scurdyness.....-...-.-- 340 
—— Marcos Fort__.__._- 336 | —— Cape: ss225.-+ 337 | Sea Cow Head--__...---- 331 
Martin dela Arena. 346|—— Martha rande,Cape 337 | Sea Girt._.......--...-- 332 
Matias ~ 337|—— Maura Island - - --_- 349 | —— Wolf.__....-.--.-- 331 
| Miguel............ 356 POlGs2 cece est 347 | Seal Cove_____._--_---- 329 
———~ Miguel. ..--------- —— Rosalia_.........-- 334 Island_....-.------ 330 
—— —— Island_---..-- 339 Teresa____...---.- 348 | —— Rocks._._......--- 333 
— Nicolas Island _--_-_-- 334 | Santander__........---- 346 | Seattle__........-----_- 334 
— Shoal__..__..- 356 | Santapilli........-..--- 353 | Seba. .-...........----- 355 
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Sebbskar_...-.------.-- 343 | Shinnecock Bay- -------- 331 | Skarvo......--.-----.-- 342 
Secar Bay__..---------- 360 | Shiokubi Saki_..._.__--- 358 | Skelligs Rock....._____- 341 
Second Barranca Point... 337 | Shio Misaki._...._----- 359 | Skerries_-.........-..--- 340 
Sedersher_-.----------- 343 | Shioya Saki......------ 358 | Skerryvore.._----..-.-- 340 
Seguin Island-_-.--.------ 331 | Ship Island_-..-..------- 332 | Skinari, Cape_.-.__----- 349 
Seguro, Porto-...------- 337 ROCK 22 -socedoence 340 ant Nestea Soa eeecelede 344 
Sei Tathewoccsncecesussc 358 | —— Shoal____--- etapnades 332 | Sklinna_._.--------.--.- 341 
SeirO.e-d.clecedetccess 344 | Shippigan, Big__...--.-- 329 | Skokalski Island - - ------ 363 
Seki Zaki-...---------- 359 | Shipwreck Point- -. - ----- 331 | Skokham Island---...--.- 340 
Sekondi......--..------ 351 | Shirakami Saki-_-. ~~ -- 358 | Skopelos Island _-_-------- 349 
Selangor River---------- 354 | Shiriya Saki___--------- 358 | Skraven_--..-.--------- 341 
Selatan, Cape---...----- 355 | Shiroo___.-...--------- 358 | Skrifvareklippan---_----.- 842 
Seldovia...-.---------- 333 | Shiro Se___..-_..------- 359 | Skrigeva Point. .......-.- 349 
Selsye Island_-_..------ 343 | Shoalwater Island- -- -- -- 354 | Skriplev Island.......... 357 
BélVaonseecsceversse 347 | Shoan Group... --------- 358 | Skroo___--------------- 340 
Sem Island--------.---- 341} Sho Bo To._..--------- 358 | Skudenes--_...-----.---- 842 
pemao't ne seme ees 355 | Sho Getsubi To-_--..--- 358 | Skutari_......-.------- 349 
Semarang. -.-.-.-------- 354 | Shomaifutsu__.....----- 358 | Skyros Island. -..---.-.- 349 
Sembilan Island_-_..---- 354 | Shortt Island__...---.--- 353 | Slangkop-_-...---------- 351 
Sembilangan---.-------- 354 | Shroud Island__...----- 357 Sledge sland__.--.-.--- 333 
Semiamoo Harbor. - -- --- 334 | Shumagin Islands- - - - -- - 333 | Sletness_..------------- 341 
Sentinel Hill. ......----- 338 | Shumma Island_------- -- 352 | Sletringen........------ 342 
Island__...--.. 838, 358 | Shurerii Island_...-_---- 358 | Sletterhage.__.-..------ 344 
Seraglio Point.-..-----.- Sialat Point_.....-...-- 356 | Sligo. ._...-..--.------- 341 
Seriphos......--------- 349 | Sibago Island__....----- 355 | Slip Point.__.....-.---- 334 
Serk Island_-...-------- 341 | Sidero, Cape. _---------- 349 | Slottero.....-------.--- 342 
Serkoloda_--.-.-------- 343 | Sidi Jabber. _.....------ 350 | Slyne Head._.....------ 341 
Sermetta Island. -....--- 355 ogdul_._.--.---- 351 | Smalls Rock--....------ 340 
Sermelik Fjord.......--- 363 | Sidon.___._.-.-.-------- 350 | Smith Island__---...---- 334 
‘| Sernella_-_.-..------.--- 347 | Sierra Leone, Cape- -- --- 351 | Smoker Island___------- 329 
HOTONO Mes weseaccs sess. 349 | Siete Pecados__...------ 356 | Smoky Cape---.--_----- 361 
Serrano Bank. ....-..---- 333 | Sigata__......--------- 354 | Smyrna_-_-_..----------- 350 
Serrat Cape_-...------- 350 | Sigli, Cape.....-------- 350 | Smygehuk_-___-..------- 342 
Serreta Point-.....----- 339 | Sigri Island__....------- 350 | Society Islands---..------ 360 
Serutu Island------ y---- 855] Siglunes.__....--------- 363 | Soco Island-_-_..---.----- 337 
SesKAP 26 pose cecccncnee 343 | Silangan Pass. ...------- 356 | Soderarm-------------- 342 
Sette Cama---_.....----- 351 | Silleiro Cape-_....------- 346 | Soderhamm.-_-__...----- 342 
lint eae IA 346} Sim, Cape._.-..-.------ 351 | Soderskar_.-------- 342, 343 
Sevastopol__-....------- 349 | Simalur Island-__.-.----- 354 | Sodra__-..--.------ 342, 343 
pe cetclee: Islands - - - - --- 352 | Simons Bay___--------- S51 Sohar: cesex ov esosesecsc 353 
Blak csoscas eco aes 350 | Simpson Harbor. - - - ---- 360 | Soi Chong To-----.----- 358 
Sgeirvuile Rock_---.----- 340 | Simrishamn....--.----- 342 | Sokotra Island._.-..---- 352 
Shableh, Cape_--_------ 349 | Sines, Cape-__----------- 346 | Solidao___...---------- 337 
Shab Shakhs--_-__...----- 352 | Singapore. ....--------- 354 | Soller, Port..-.--------- 347 
Shadwan Island_-_--..--- 352 | Singes Island_.....----- 350 | Solomon Islands- - - ~~~ -- 360 
Shag Rocks_-_..-.--.---- 339 | Singora___.._.--------- 356 | Solvesborg...-..------- 342 
Shaho Island__...------ 357 | Sinope, Cape._..------- 350 | Sombrero. ....--------- 335 
Shaluitien Island-_-__--~-- 357 | Sinu Bay__-.--_-------- 351 Key cicecckccanxe 332 
Shanghai-_--------.----- 357 | Sinub, Cape__...------- 350 | Somes Island _--_-------- 361 
Shannon River--_....---- 341 | Sio Island__.____...---- 344 | Sommars Island___------ 343 
SPenEtUne er omontory.- 357 | Sir Brooke Point. -_------ 355|Somos Mountain-_------- 346 
Sharapov Head-.-..----- 341 H. Parker Sound..- 358| Song Chin__._---------- 357 
Shark Island__-----.---- 351 | Sirik, Cape....-.------- 355 | Songvaar___..---------- 342 
Shatt Al Arab... ---.---- 353 | Sisal__._.._._.-.---.---- 333 | Soni Misaki. -.-..-...-- 358 
Shaweishan Island_.-..-. 357 | Sisargas Island__-..----- 346 [2 eee ee ee 357 
Shediac. .....-.-----.-- 29 | Sisters, The._....-_---- 358 | Sonserol Island_____---- 359 
Sheerness _....-------- 339 | Sitka Harbor..--.------ 333 | Sori Do....---.-------- 58 
Sheet Harbor. ---.-.---- 330 | Siuslaw Inlet....-..---- 334 | Sorsogon.-..----------- 356 
Sheikh ul Abu -.__------ 352 | Sivota Island__..--.----- 349 | Sorol Island__....-..--- 359 
Shelburne. _....---.---- 330 | Sjaellands......-...---- 344 | Sorvaer Ovre_....---.-- 341 
Shepherd Island_-._...._ 362] Skag_._._....--...----. 342 | Sorell, Cape__..-..-.--- 362 
Bhevlers wee se ees 343 | Skagata___.._..-.------ 363 | Sorong__-.-.----------- 360 
Shepstone, Port._...---- 351] Skagen____...---- "_. 844, 363 | Sosnovetz Island__...__- 341 
Sheringham Point_-...-- 334 | Skagi__._...---..-.---- 363 | Sosti Island_...---_.--- 349 
Shershel._.....-.------- 350 | Skalmen___....-.-.---- 342 | Sotsuko Saki... .-.---_-- 358 
Shields, North......---- 340 | Skalskar___....-...---- 343 | Sottile Point_......-..-- 348 
Shillay Island.........-- 340 | Skamblinqsbanke. ......- 344 | Soure___...----- 2 eee 336 
Shimabara_.....--.---- 359 | Skammia Cape___...---. 350 | Souris. ._-.....--------- 331 


Shimizu__......-.-.---- 359 | Skarholmen__....-.---- 341 | Sourop, Cape_.....----- 343 
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Sousse_......---.------ 350 | Sterns. ....------------ 343 | St. George Island_.---.- 333 
Souter Pointe sss--se55-5 340 | Stettin._...-...-------- 344 | —— —— Reef._...-.___ 334 
South Bishop Rock.----- 340 | Stewart Island___....._- 361 | ——— Gilles Sur Vie-.-_-_- 346 
Caicos Island__----- 335 | Stiff Point....-.....--.- 345 | —— Helena____._-_._-- 339 
——- East Point...._._-. 361 | Stilo.._..--.----------- 343 | —— Jacques Island _---- 830 
—— Frailes Island_--.-.. 334 | Stilo, Punta. .....-..--- 348 | —— James, Cape... 333, 356 
—— Georgia Island_-__- 309 | Stinking Island_.--_---- 329 | —— Jean de Luz__.--_- 346 
Hogland_......---- 343 | Stirs Point. _-.-..------- 343 John, N. B___.---_- 330 
Negril Island___-_-- - 335 | Stirling Point_--...----- 361 | —— , East Island... 354 
Orkney Islands. -. -- 339 | Stockholm.....-------- 342 Johns Harbor. --. -- 329 
—— Rona.._..----.--- 340 | Stokksnes_...-.-------- 363 | —— Point.....---- 341 
——. Sandwich Island_._.. 339} Stoncica Point_._----_-- 349 | —— River.....-... 332 
—— Shetland Islands.... 339 | Stone Pillar Island - - -_-- 329 Joseph Point... ---- 332 
—— Sea Castle_......-- 339 | Stonington ....--------- 331 | —— Lawrence Island... 333 
ae SURO Ko oo ace 340 | Stora.......----------- 350 | —— , Cape.....--- 331 

——- Solitary Island - - - - - 361 | ——- Fjaderagg.-.-.---- 343 | —— Louis__...._-- 347, 351 

—— Twin.......-.----- 358 | ——- Fjardgrund.--.--.-- 843 | —— Lucia___..--_.---- 
—— West Cape.......-- 363 |—— Karlso.._._----.-- 342 | —— Cape.....---- 351 
—- Point_...----- 329 Lokskar.....------ 343 | —— Malo___-._._.---- 345 
—— Rocks._....-- 361 | Storholmen_....-..----- 342 | —— Mandrier___.__---_- 347 

Southampton-_-__....---- 339 | Storjungfrun--.-- secrete ares 342 | —— Marc Point____--_-- 
Southwold__.......----- 341 | Storskjaer......-.------ 341 Marcouf Islet_-.---- 345 
Soya Misaki---_----.---- 358 | Straender__..-.-------- 363 | —— Maria, Cape- - - - - -- 335 
Spain, Port of ....------ 336 | Stralsund_.-..---.------ 344 | —— Marks..._....-.-- 332 
Spadil Point_.--.----- 350 | Stratford Point..-..-.-. 331|—— Martin-.__-_------ 335 
ee et sees 348 | Straumnaes__.....--.--- 363 | —— Pointe__.....- 346 
Spat Spot tte peta Sa ate 350 | Streaky Bay.._..------- 362 | ——- Mary Cape..._ 329, 330 
Spartel, Cape....-.----- 350 | Streiteshuk......_------ 363 | —— Island 329, 340, 352 

Spathi Cape. _.---.----- 349 | Strib. ._......--------- 344 | —— Port_...-- : 
OINt. asoutesnsees 349 | Stroma Island._--..---- 340 Matheo, Port- ----- 339 
poet vent; Cape_.. 347, 348 | Strommingsbadan.. - - - --- 343 | —— Mathieu Pointe___. 345 
Spear, Cape_.---------- 329 | Stromtangen-_-_..-------- 342 | —— habr led Island_--- 333 
Spectacle pede 330 | Stroomenkaap- --.------ 355 | —— Nazaire.___..-.--- 346 
Spencer Cape- ---- -- 330, 333 | Strovathi Island levees 349 | —— Nicholas Island... 339 
Point. se ncseoe ssl 333 | Strumble Head. .------- 340 | —— Nicolas, Cape-__..-- 335 
Serie coe woes se es 347 | Struten..-...---------- 342 | —— Nicolau Island ____- 339 
Spider Island. -...------ 357 | Stutarne.......-.-.---- 342 | —— Nicolo Island_----- 349 
Spiteful Rock._.....---- 354 | Styrsudd_____---------- 343 | —— Nikolaya Cape----_- 357 
Spitzbergen Island, West. 363)|S. Cataldo di Lecce__-_--- 348 Paul Island___. 331, 352 
Spodsjerg-.....-------- 344 Jorge dos Ilheos._.. 337 | —— ape......--- 351 
Sprogo...-.------------ 344 | —— Vito, Cape__._----_-- 348 | —— |S 61 | aes ene 354 
Bourn Point: 22 341| St. Abbs Head_.._____-- 340 | —— Rocks_---___- 339 
Square Island__...._..-- 357 | —— Agnes.._-.-------- 340 Peter_..-...-..-.. 341 
Squarey Islet........--- 329 | —— Agostinho, Cape..-. 336 | —— Harbor. _-_-_-_-- 331 
Squirrel Pond__.._..---- 331 | —— Alban, Cape. .-.-.-_- 362 | —— Island______-- 331 
Srigina Island_...._..--- 350 Andrews. -..------ 330 Pierre__....---.--- 352 
Staberhuk__.._.-..--_-- 344 | —— Island_._.---- 333 | —— Island__._..-- 355 
StAdG ce Sa 345 | —— —— Sound-_------- 332 Roque, Cape-_----_-- 336 
Stagen_.....--.--..---- 355 | ——— Ann Beach-.__-_--- 331 | —— Simon_____--..---- 332 
Standia Island._....-.-- 349 | —— Anns.---_--------- 340 | —— Thiago Island-_-_.--- 339 
Stanley Port......._-_-- 339 Anthony Point... .- 340 | —— Thomas_-_-___-_--_-- 335 
sland___..__..__-- 358 Antonio Island. -- -- 339 | ——- Thome, Cape- -_-_-._- 337 
Starbuck Island_..-_----- 360 | —— Augustine__.__-__- 332 Tudwall__.......-- 340 
Start Point.._...--- 339, 340 Bartholomew. - - .-- 335 Valery en Caux_... 345 
Station Point._.....---- 360 | ——— Bees Head_-_-_--_--- 340 | St. Vincent_._..-...-.-- 336 
Stavanger..-....------- 342 | —— Blaize, Cape-.-.----- 351 Island__..__-- 339 
Steep Island__._....---- 357 Catherine.._.------ 339 | Suadzu Island__...._-_-- 352 
Stefano Point__....._--- 349 | —— Christopher._....-- 335 | Suances___.._---------- 346 
Stereo oe ee 343 | —— Clair, Mont-------- 347 | Suangi Island_._._.__--- 355 
Steinan._....-_.----.-- 341 | —— St. Croix Island_...._. 335| Subic Bay____.___-..-_- 356 
Steinkirchen......-..--- 345 | —— David Island___.--. 338] Sudan, Port_..-_..--._-- 352 
Steinort__._..........-. 343 | —— Denis__._____. .-- $52'| Su: Do. 2c. sented sc. 358 
Stenkyrkehuk____.._.--- 342 |——— Elias, Cape___---_-- 349 aus POiNbe see ee 356 
Stenshuvud____.____._-- 342 Esprit Island_...--- 331 | Suez___.___..---------- 352 
Stenskar._..-....--.-.-- 343 | —— Eustatius_-_--__---- 335 Sugarloaf Island...._.-- 357 
Stephens, Cape.__.__--- 333 —— Francis, Cape_. 329, 351 Obs 26 eco eecoace 361 
Stephens, Port...-.-..-- 361 Island___..-_- 362 | Suga Shima_._-_--_---- 359 
Island___..._____-- 361 | —— Pa iGearce Cape___ 330, 332} Sukhum Point_____.__-_- 350 
Point sc esc casee 361 | —— arbor... 330, 336 | Sula._.__....--.....--- 356 


Page 388] MARITIME POSITION INDEX TO APPENDIX IV 


PLACES—continued 
Page Page Page 
SUléie cece cees ee eceoes 342 | Tagudin....-..-------- 356 | Telok Betong.._----.--- 354 
Sule Skerry....--------- 340 | Tahiti Island_.......--- 360 | Temerosa Point--..---._- 339 
Sultan Shoal__..._....-- 354 | Tahkona Point_..>...... 343 | Tendra.__.----------.- 349 
Suluan Island__....----- 355 | Taikung Tao_.---.----- 357 | Tenedos Island_...-.-_- 350 
Sumbawa.....--------- 355 | Tailon Island. __-------- 356 | Teneriffe Island-__-------_- 339 
SUM DOsccceceenucsssass 363 | Tairadate..-.---------- 358 | Tenez, Cape.-.--------- 350 
Sumburg Head___.-_---- 340 | Taito........---------- 357 | Tenholmen-----------.- 341 
Sunderland.......--.--- 340 | Taitan Island__.-.------ 357 | Teno Point... -.--------- 339 
Sundsvall. ....-.------- 342 | Tajer, Port...---------- 348 | Ten-pound Island -----_- 331 
Sungi Kumama. -------- 906: Takes ooceewsoss 225355 357 | Terceira Island -_------_- 339 
Sunmiani-_.._-. Sete Se 353 | Taka Rewataya--------- 355 | Teriberski, Cape. - ----_- 341 
Suno Saki__......------ B08 | PAK secs c oe cole l os 357 | Terkolei......-.-------- 354 
Suon Kutchi-..-..-..--- 357 | Talara Bay.....-------- 338 | Terranova..---.-------- 348 
BUPC22452620>- eo Se cake 338 | Talayola Tower- -- ------ 347 | Terre Negre_-_-_.-------_- 346 
Bufo ete 2 ee deo e aes 350 | Talcahuano, Port- - - ---- 338 | Terschelling..---------- 345 
PoMte oes ones 334 | Tallin-.....-.---------- 343 | Teshio Gawa__--------- 358 
Surabaya.._....-------- 354 | Talutao Island__...----- 357 | Tesner Islet_..--------- 338 
SUPA erect aces an 353 | Tamandare------------- 336 | Tesoro Island_---------- 336 
Surgeon Cove Head- - --- 329 | Tamarao Island_- --- --- -- 351 | Testigo Grande Island___ 336 
Sur PAO. 22s cer see ces 355 | Tamatave..------------ 352 | Tetas Point....---.--.. 338 
Surinam River_.-..----- 336 | Tamelos, Cape---------- 349 i ace Seco area aire anes a 345 
Surop, Cape.....-.----- 343 | Tampa.__....---------- 332 | Thames_-__._.---------- 361 
S86 shee ocr e 350 | Tampico. _...---------- 332 | Thank : God Harbor-_-_-_-_. 363 
Susami..csseecesosceses 359 | Tanabe___.-..-.-.----- 359 | Thatchers Island---- ~~ -_- 331 
BUVEs coe oes 360 | Tanamo, Port.--------- 335 | Thevenard, Port. -..---.- 362 
Suvero, Cape. ...--.---- 348 poe e Point__.---- 353 | Thira Island_._-------_- 349 
SuUVOIOVs.c52-ehoseece5< 349 | Tangier_..._--.-------- 350 | Thomas, Cape---------- 363 
Suwaik: coo 5202 /soccu5 353 Tanguingul Islet_-.----- 355 | Thornton Haven-------- 357 
Svalbard......-..------ 363 | Tani Keli_....--------- 352 | Three Island__.....----- 357 
Svalferort......-------- 343 | Tanio Point_..--------- 352 Points, Cape__. 333, 351 
Svalvogar_......------- 363 | Tanjong Aros_---------- 355 Top Island_..---_- 330 
Svartklubben...-.------ 342 Hantuecs o2s55cn56 354 | Thrumcap Island.-_-----. 330 
Svenoer......---------- 342 Kellan s2.26. 5225256 354 | Thule Island__._.------- 339 
Svenska Hogarne........ 342 |—— Kurong-.---------- 355 | Tien Sha_..-.---------- 356 
Sverdrup Island__....... 363 | ——- Lobong--.--------- 355 | Tiger Island_--.-------- 357 
Sviatoi, Cape. ._---- 341, 363 Patani 22525656 eu 356 OiINb Se 2ecus eee 351 
SVinOse2ec -eucosesscces 342 | —— Priok___---------- 354 | Tignoso Island_----~----- 349 
Svortuloft.........----- 363 | —— Ular__..---------- 354 | Tikkerasuk.......------ 329 
Swakopmund.-.-.-_.-.---- 351 Unsang.--------.--- 355 | Tikmenev, Cape- -.----- 357 
Swale Rock_.......----- 334] Tansui_.....--.-------- 357 | Tillamook Rock--..------ 334 
Swallowtail_........---- 330 | Tapa Tuan_.----------- 354 ime. RPDS enone ree ee eee 342 
Swan Island---.---- 333, 362 | Tapia Isla._..-.-----.-.- 346 | Timaru. ___._.--------- 361 
Swansea. ...--.--.----- 0| Tapion Rock. ..-------- 336 Timbue Island_.....--.-- 352 
Swatow_-.-..---------- $00 | PAD ccoccceelecctee us 353 | Timbalier Island - ~~~ - ~~. 332 
Swinemunde....-.------ 344 | Tarakan..--...-------- 355 | Timmendorf-_.._..--.--- 344 
py aney para aGia dete eat eee 361 | Taranto_...-.---------- 348 | Timor Island__-.------- 355 
RY iene a cesea ea 360 | Tarbert. .-.------------ 341 | Tinaca Point...-------.- 355 
—— Harbor_.....------ 331 |—— Ness.__---.------- 340 | Tinian Island__.-._...-- 359 
Syracuse.__...--.-.---- 348 | Tarcola Island.._.-....- 349 | Tino Island__..._______- 347 
Syros Island......--.--- O49 | Tarilacccencceussecssas 346 | Tinoaso Point......---- 336 
Tarkhan, Cape_-_._------ 349 | Tinoso, Cape__.-.------ 346 
TAA) ete ee eS 356 | Tarno__..------------- 342 | Tipara Reef_._...-----. 362 
MGOIB os Scouse 344 | Tarpaulin Cove_....__-- Bol | Tipatisc eines poe eee 350 
Tabarca Island _- - - -- 347, 350 | Tarragona_.---_-------- 347 Tiri tiri Matangi.____--- 361 
Table Bluff........----- 334 | Tarunu To.._-.-------- 358 | Tiruchendore__....--_-. 353 
—— Head_....---.---- 329 | Tarven_...-_---.------ 342 | Titan....._.------.-._- 347 
Island___..-..-..-- 354 | Tasman Island__....__-- 362 | Tiumpan Head_____-__-_. 340 
Tabuan Island__.____--- 354 | Tatalan Island___..._.-_- 3595 | Tjurholm___..-..-.--_-- 342 
Tabu Reef__..--------- 360} Tateishi Zaki--.....__-- 358 | Toau Island_...-..____- 360 
Tachkona Point_._...... 343 | Tateyama__..._.---_.-- 358 | Toba______..-..------- 359 
Tacking Point..-....--- 361 | Tavolara Island_._--.__- 347 | Toba os Island__......-- 336 
BET) 5: 5 (eee em ee 352 | Tavoy River_...-..--.--- 354 | Tod Head_._...__----_- 340 
Tacloban..........----- 355 | Tecolutla_..-.-.-------- 332 | Todo Sati Pert eee ree 358 
Tacoma__._-..--------- 334 | Tees, River_.........--- 340 IAG 25 oe snot cts 2 358 
Tacubaya_._...------.-- Boe | POPR ote ce ld Stee fe 354 | Todos Santos Islands____ 334 
Tafu Point...........-.- 351} Teifa To.__._---------- B08) LOftee. json ee beeen 363 
Taganak Island.__...-_-- 355 | Teir Island__._..._.._-. 352 | Toguyogu___.____._-__- 358 
Tagolo Point...-.-..--.- 355 | Tela._.__-...---------- 333 | Tokarevski, Cape. .___.- 357 


Tagomago Island.----- -- 347 | Tellicherri_.._.-._-.---- 353 | Tokitsu Sho.._-...__...- 357 
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LOKVOnceee ou ceocen seus 358 
Tolboukin__.........__- 343 
Tolkemit__..........__~- 343 
Tolmetta._......-_-_-_- 350 
Tomas Point......-.-_- 338 
Tomil Harbor__...--.-_- 359 
Tomlees Head.....-..-_- 330 
Tomoga Shima_..__-_-_--. 359 
Tonai Lowteee ee sete 358 
Tonale..wciocsneccccu 332 
TONGiz.cs2cccsnuesaneeus 353 
Tonga islands. ...--.... 360 
Tongareva Island. --___- 360 
Tongatabu Island_-_--._. 360 
Tongka (Pyket)...-....- 354 
TONGKU cen eceweoweseu 2 357 
Tongting Island__..._-_- 357 
Tonki Cape_.-...---..-. 333 
Tonning._..---....-_--- 345 
To Point._.____- 338 
Topolobampo-......--..- 334 
Toppers Island_._....--. 355 

OF goes oot ore 352 
Torbjornskjaer_-_--.---- 342 
Tordenskjold, Cape----_- 363 
Torekov....-.--..----- 342 
Torinana, Cape.-..-...-- 346 
Tori Shima_.__....----. 360 
Tormentine Cape. ---..- 329 
Tornea___....--..------ 343 
Toro, Cape.....-.--.--- 333 

Point.2.2cucseccscc 333 
ores | 3 61 | Maen deere re oe 
orres, Cape......----- 
Torrox Point... _-- =. 346 
Torsvag...-.----------- 341 
Tortosa, Cape_..-..---- 347 
Tortola__.......--.---- 335 
Tortuga Island__.._..._- 335 
Ointscevtuncceusce 338 
Torungen_....--------- 342 
Tory Island_.._.--....-- 341 
Tossa, Cape.......-.--- 347 
Toulinguet Point_....--_. 345 
Toulon__._....---- ~~ 347 
Touquet Point._-...-.-- 345 
Tourane, Cape._.-._-.-- 356 
Townsend, Port_....---- 334 
Townsville Harbor---_-_-_- 362 
Tracadie Harbor-_-__..-__- 331 
Tracadigash Point______-_ 329 
Traelle Naess... _- 344 
Traenen____.........--_. 341 
eee Cape....----- ot 
Tramandaby See eres 333 
Tranekjaer........-.--- 344 
Trapani Island-_._.._--_- 348 
Travemunde___.._.._._- 344 
Trebizond_........-.._- 350 
Trekroner_........._--- 344 
LS espera POSE Ee RRR NE 342 
bettas atin Cree sh stan 345 
Tres Crees Point._____- 338 
Tres Forcas, Cape_----.. 350 
Trevose Head ____.-.-_- 340 
Trezien....._.----_-._- 345 
T | ea ee ne ee eee 345 
Triangles W. Reef___.--- 332 
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PLACES—continued 

Page Page 
pe (<1, eee ae 348 | Ulko Kalla___......---- 343 
Trimesson, Cape. -...-.-- 349 | Ulladulla__.........--- 361 
Trincomali........-..-. 353 | Uma Shima_--_.--..--- 358 
Tringano._..<..<<2-.--2 356 | Uman Island. -__...-_._- 359° 
Trinidad Head_....---.-- 334 | Umea____.....---.-.--- 343 
Island_.....--- 336, 339 | Ummes____..--_-----.-- 352 
Trionto, Cape....--_.-- 348} Umpqua River__...._--- 334 
TTPO ese ewe se ee ae 350} Unalga Bight__.......-- 333 
Tristan da Cunha..---_-__- 339 | Understen__......-...-- 342 
Trivandrum.......-..-- 353 | Undu, Cape._....___.-_- 360 
TL POdd OY oo ssoss accacn 340] Unga Spit.........-.-.- 333 
Lal ha te eed ee 342} Ungay Point._........-- 356 
aa eae teas eee 340} Unimak Island_.__...... 333 
Troubridge Shoal_..._._- 362 | Union Group Islands___. 360 
Trouville__._...-......-- 345] Uno Se___.----.------- 358 
Truk Island___....-..-- 359 | Unst N___.------.--.-- 340 
Tryon, Cape.....------- 331 yee paw eeeeeseeee 363 
Tsaofeitien PTeland seiucee 357 C0 eee 340 
Tsingseu Island_.._._-_- 357 Upper Black Island_-_--_- 329 
Tsugaru Strait._.._....- 358 | Upulo Island__-----_--- 360 
Tsuken Shima. -._....___ 358 | Upright, Cape._...----_. 333 
Tsuno Shima. ......__-- 358 | Urakawa._._..--------- 358 
Taurikake Saki__...-_._- 359} Ursholm.__.....-.._ -- 342 
SUPA 2h os locke se oe 358 Vuk eiepes Island_____.. 359 
Tsurugi Saki_._..---.__- 359 | Usedom____....-.------ 344 
Tsuru Shima-_.__---___- 359 Ushant pelane eee 345 
Tsu Shima. .....------- 359 | Ushinish.....-.-._-_-.- 340 
Tuahina Point__----_-_- 361 | Usk, West Sener Ronn ter epee 340 
Tuamotu Archipelago_._. 360] Ustica Island_......__-_- 348 
Tubbataha Reef-__...-_- 355 | Utila Island. .......-_-- 333 
Tubigan Point_-----_--- 356 | Utklippan Rock._....._- 342 
Tubuai Islands_____-_--- 360} Uto_..__-...----------- 343 
Tucapel Point...---.-.- 338 | Utrecht........--.----- 345 
Tuckers Beach_...------ 832 | Utsire....-..--.------- 342 
Tuktoyaktuk.....--.... 363 | Utvaer___.....--------.- 342 
Tullear Road_---------- 352 | Uva Cay_.--.---------- 333 
Tumaco Road.....-.--- 338 | Uwozu____--.---------- 358 
Tumbes Point..-----.-.- 338 | Usava..-..---.-------- 343 

Tuna, Point.....----.-- 335 
Tungkuen..__---------- 357 | Vache Island. -.--.----- 335 
Tung Yung Island__....- 357 | Vada Rock....-.------- 347 
TUnisec) .ceesssneaneeds 350 | Vaderobod......-.-.--- 342 
Tuno Island__......---- 344| Vado, Cape._......---- 347 
Tuno Ron_____.....--.- 344 ae delineate aS icant rans 341 
Turnabout Island --_-__-_- 357 | Vaeroy_...------------- 341 
Turnberry Point......-. 340 Vaigach Island.._-....-. 363 
Tuskar Rock._.....---- 341) Vakalapudi___........-- 353 
Tuticorin...........--_- 353 | Valdez__...-.---.------ 333 
Tutoya River._..._..-_- 336 | Valdivia, Port...-.._--- 338 
TURPAM ste eyes 332 | Valencia_....-.---- 341, 347 
Tuzla, Cape____.-.----- 349 | Valletta...........-..-- 348 
TVGStONs ose oek sy 342 | Valona Bay..---.------- 349 
Tvinsbjerg....-..------- 344 | Valparaiso..........---.- 338 
Twillingate.........-.-- 329 | Valsorarne._..-.._-.---- 343 
Tybee Island__....-.--- 332 | Vannes_._.__...-.----- 346 
WO spe ete eee ees 342! Vannskar Yttre..__.-_.- 343 
as RVC? coeuecwetenye 340] Vanua Levu Island-_-_-.--- 360 
a a ek hee 350} Varberg_-__..---------. 342 
Tysip-Navolok, Cape.--- 363] Vardiani Island -----~---- 349 
VOTO0 oo.52 aeuceceecees 341 
Ualan Island....-...--- 359 vere) OR0 2 ose sain 356 
Ubatuba. 222-22... _- 337 | Varna___.-.-.--------- 349 
Ubian Island, N__._._-- 355 Varnes ee Ta) ee NR aN RENT 342 
Uccle (Brussels) ifs ia! terete 345 | Vaticano, Cape_..____-- 348 
Udbyhoj__....-.------ 344] Vattarnes.____..____--- 363 
Ujung Sungei Bramei_.._ 354| Vavau Neiafu__.......-- 360 
Uleaborg._..-......---- 343 | Vecchio__.....-..------ 347 
Ulenge Island__..__._--- 352 | Veglia.........._------ 348 
Ulithi Island__-...-_--_- 359 Vertkari Rock 26642202 343 
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PLACES—continued 
Page Page Page 
Vejro Island____.....--- 344 | Waitara.........._-.-- 361 | Wicklow Head__._.._..- 341 
Vela de Coro__._...---- 336 | Wakamiya___-____..---- 359 | Wilhelmshaven-.--___.__- 345 
Velez de la Gomers..-.---- 350| Wakaya Reef___._..._-- 360 | Wilczek Island__._.._..- 363 
Vent tee cea eee 342| Wake Island__.._._-_-_- 359 | Willapa Bay_........--- 334 
Vendres, Port.__.---.-- 347 | Wakefield__.__-....---_- 362 | William, Port_...--..-.- 339 
Venetiko Island__..._.-- 350| Wakeham Bay.--...---- 362| William, Cape_......_-- 355 
Vengurla_____....------ 353] Wakkanai____.....-__-- 358 Willoughby, Cape...__--. 362 
NRocksisc052. 52022 353 | Walcott, Port........--- 362} Wilmington._......---- 332 
Venic@ so. seek ee eee 348 | Waldemar Tower.._._.... 344] Wilson, Point......__ - 334 
Ventspils_._.........--- 343 | Walea Strait......_...-- 355 | Winceby Island_--_..--.- 362 
Venus Point..-_......-- 360| Walney Island.__.._-_--- 340| Windau____..-.-------- 343 
Veprevskoi Point.___--_-- 341] Walrus Island_...._.--- 329 | Windward Point._...--- 335 
Veraval___.......------ 353 | Walsingham, Cape- - ---- 362 | Wismar__.__-..---.----- 344 
V@LACIUE.2 3 26c oi leece 332 | Walton Harbor... _.__-- 330 | Withernsea... -_..--.---- 341 
Verclit....c2cc2ec2 e555 341] Walvis (Walfisch) Bay... 351] Wolf Point.........__-- 330 
Verde, Cape______.__-.-- 351| Wamar Island__.-._..._- 360 Rock 2222552624550 340 
Verde island 332, 338, 346 | Wangeroog-___....------ 345 | Wolgast_.......-.------ 344 
POU ese occnc0oue% 336 | Wangi Wangi-.-.-------- 355 | Wollongong. ._..------- 361 
Vestborg.__..._..-.---- 344; Wangmun.-____.-_----- 357 | Wolves Island___-..___- 330 
Vestmannaeyja.._------ 363 | Wan Kan Banks-..-.---- 357 | Wonga Shoal_._-__--_- . 362 
Viaming Head...._._.-- 362 | Wardang Island_____.--- 362 | Wood Island___...--__-- 331 
Victor, Port........---- 361 | Warden Head___-_____-- 361 | Woodman Point. ...-_-_- 362 
Vicos, Cape__..-__----- 346 | Warnemunde---_-_.--.--- 3441 Woody Island-- ---- 352, 361 
VictOM@c. sone l see 352 | Warren Island. -----.--- 58 ONG seh 330 
Harbor- --_---- 334, 362 | —— Hastings Island__-. 359} Woolgoolga_.....-.-.--- 361 
Viejo, Frances, Cape-_---- 335 | Warrnambool____..----- 361 | Woosung__.------------ 357 
Vieques Island_.__.---.-- 335 | Washington, Cape... 360, 3€2 | Wotje Island___-.---.-- 359 
Vierendehl___._...-.--- 344 Island _....--.--- 359 | Wrangell Island__.---.--- 363 
Wiete Sete eae erica ae 348 | —— D. C____-.-----.--- 332 | Wrath, Cape. -_--------- 340 
NGOs oo ete 346 Strait. .....------- 358| Wulf Island Reef_..__-_- 343 
Vi , Real de Santo An- ae wesc Island __----- oo) Wustrow.......----.--- 344 
WMOs coco. 3c awes at Cheng...-.-------- 
Vilhena_.______-.____-- 352| Watcher, N. Rocks_-.__- B58 | pou ON eases ao 
Villa Franca....._._.--- 339| Watch Hill Point______-- 331 aa — ada sa 
Villano, Cape_.._------- 346 | Waterford__._..-.------ 341| Yafa Qy-_---.-.------- 350 
Villanueva y Geltru_.--_- 347 | Waterloo Point...------ 361 | Yaku Shima____..--..-- 358 
Villefranche___._...---- 347 | Watlings Island___------ 335 | Yalkubul Point_..._---- 333 
VINBTOS 3) ase es 347 | Wedge, Cape_.--------- 333 | Yamazokono Hana. - _-_- 359 
Vineyard Haven-_-_--_-_-_- 331] Wedge Island___-__-- 330, 362 | Yangishiri Jima_..-..__- 358 
NING@ och cee wlcn whee 342 | Wednesday Islands-_----- 362 | Yap Island_--.--.------ 359 
Vingaskar___....------- 342 | Weihaiwei_.__---------- 357 | Yaquina Head.__-___--- 334 
NIPGCeS6ce eee eee 356 | Wellington. ._..-------- 361] Yara Zaki_...-.--..---- 359 |. 
Virgenes Point_.__------ 337 | Western Cove____------ 329 | Yarmouth__...-.--- 330, 341 
Vita: Ports.2 acces sk 335 CAG: 2225 pe ccesss 330 | Ya Shima__.__------.-- 359 
Viti (Fiji) Islands__-_--- 360 | 320) ee ee ee eee 361 | Yavaros, Puerto..-..-.-- 334 
Viti Levilsacccccu seco. 360] Wester Markelsdorf - - - ~~ 344 | Yeboshi Shima___.------ 359 
Vizagapatam.____.-._-- 353 | West Hill.._-..-------- 339 | Yenesei, Gulf of_..--.--- 363 
Viziadrug_..--..._----- 353 | West Ironbound Island_- 330] Yerimo Saki_..-..--.--- 358 
Viadivostok._......_-_-- 357 | West Point.____---- 331, 334] Yesaki_..........--.--- 359 
Viakke Hoek_______---- 354 | West Quoddy Head_---- 331 | Yesan Saki_....--.----- 358 
Vlieland__-.._..._____-- 345 | West Spitsbergen Island- 363 | Yesashi__....-...------ 358 
Vlissingen.._..._...-.-- 345 | West Usk______.------- 340} Ymuiden__..-------.--- 345 
Vogel, Cape______..-.-- 360] West Triangles Reef_.- -- 332 | Yodolmi____.---------- 358 
Volcano, West, Island... 357] Westkapelle___.__------ 345 | Yogorski Strait._.....-- 363 
Volovica......._.------ 349 | Westkapelsche Dyke___-_- 345 | Yokkaichi___._...---_-- 359 
Vordingborg_.____--.--.- 344 | Wexford_____.--------- 341} Yokohama- _.---------- 358 
Voronov, Cape...------- 341} Whaleback Reef___.---- 331} Yokosuka.__.---------- 359 
Vostok Island__...--_--- 360 | Whale Fish Island__...-- 363] Yonshu Kutsu__..-.-~-- 357 
Vuleano Island___.._.... 348 (sland Sess 333 | York, Cape_...-.-..---- 363 
Vung Moe___.__-------.- 356} Whaler Point... ..-- 361, 362| Youghal___._---------- 341 
Vung Point-..._....---- 356} Whangarei___-----.---- 361] Youngs Foreland... _---- 363 
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Wairoa River__._..___-- 361] Wickham, Cape_..__.--- 362} Yu Shima...._...----_- 359 
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EXPLANATION OF TABLES. 


TABLE 1.—RADIO BEARING CONVEBSION. 


This table is used to convert the radio or true bearing into the mercator bearing, when it is 
desired to plot the bearing on a mercator chart. The arguments used to find the correction are 
the middle latitude between the sending radio station and the vessel’s D. R. position, and the differ- 
ence of longitude between the radio station and the vessel. The sign of the correction is as follows, 


In north latitude, when the vessel is eastward of the station, the correction is additive _ 
westward subtractive 
In south latitude, when the vessel is sestware of the station, the correction is subtractive, 


ee the bearing be observed from the vessel, the sign of the correction as given above is 
reversed. 

EXAMPLE: A vessel in D. R. Lat. 38°03’ N 3 Long. 55° W.; receives a radio Farriiep Pe 118° 
from Bar Harbor, Maine, radio station (Lat. 44°19’ N.; Long. 68°11’ W.). Find the Mercator 


bearing. 
Bar Harbor station, Lat. 44°19’ N.; Long. 68°11’ W. 
Vessel (D. R. position), Lat. 38°03’ N.; Long. 55°00’ W. 
Middle Lat. 41°11’ N.; Diff. Long. 13°11’ W. 


Enter table with Mid. Lat. 41° and Diff. Long. 13°.2; the correction is + 4°.4. 
Mercator bearing= Radio bearing plus correction, or 118°+4°.4=122°.4. 
sin Mid. Lat. Diff. Long, 


The table is computed from the formula, tan correction" “Diff. Lat. tan °) 
2 


TABLE 2.—CONVERSION OF POINTS TO DEGREES. 


This table gives the 32 points of the compass arranged in order from North to East, East to 
South, South to West, and West to North. he process of naming these points in this order is 
called ‘“‘Boxing the Compass.’’ The names of the whole points and fractional points are readily 
converted by this table into the corresponding degrees, minutes, and seconds, from 0° to 360°. 


‘TABLE 3.—TRAVERSE TABLE, DEGREES. 


This table contains the difference of latitude and departure corresponding to distances up to 
600 miles and for courses for every degree of the compass. The table may also be employed in the 
solution of any right triangle. The manner of using these tables:is particularly explained under the 
different problems of Plane, Middle Latitude, and Mercator Sailing in Chapter V, and the inter- 
changes of the designations of the headings of the different columns in order to subserve these various 
uses, are summarized in the marginal diagram at the foot of each page. 


TABLE 4.—CONVERSION OF DEPARTURE INTO DIFFERENCE OF LONGITUDE. 


This table is computed from the formula, Departure= Diff. Long.Xcosine Mid. Lat., or 
Diff. Long. = yea The body of the table gives the difference of longitude (D. Lo.) 


for every mile of departure from one mile to sixty. ‘The middle latitudes are given from 4° to 60°. 
The table is entered with the arguments, Mid. Lat. at the top of the page, and the Dep. at the side 
of the page, from which is found the D. Lo. 

ExamMpLe: In Mid. Lat. 59°30’, the departure was 30 miles. Find the D. Lo. 

Under Mid. Lat. 59°30’ and opposite Dep. 30, is found D. Lo. 59/1. 

Exampie: In Mid. Lat. 54° the D. Lo. was 51.’ Find Dep. 

Under Mid. Lat. 54° and in the D. Lo. column is found 51’, opposite in Dep. column is found 


30 miles. 
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TABLE 5.—MERIDIONAL PARTS. 


This table contains the meridional , or increased latitudes, for every degree and minute 
to 80°, calculated by the following formula: 
m=, log tan (45° + 3) —a(@snL+f¢esin®? LifesinsL+ .... ), 
in which 
10800’ 


the Equatorial radius a = ea 3437’ .74677 (log 3.5362739) ; 
M, the modulus of common logarithms =0.4342945; 

ux 23025851 (log 0.3622157); 

c, the compression or meridional ellipticity of the earth 


according to Clarke (1880) = 599-765 = 0.003407562 (log 7.5324437); 
e==-+/2c 2 =0.0824846 (log 8.9163666) ; 

from which 
uM =7915’.7044558 (log 3.8984895); 

ae = 23/.38871 (log 1.3690072): 

}ae'= 0.053042 (log 8.7246192) : 

tae’= 0’.000216523 (log 6.3355038). 


The results are tabulated to one decimal place, which is sufficient for the ordinary problems of 
navigation. 
he practical application of this table is illustrated in Chapters II and V, in articles treating of 
the Mercator Chart and Mercator Sailing. 


TABLE 6.—LENGTH OF DEGREES OF LATITUDE AND LONGITUDE. 


This table he the length of a degree in both latitude and longitude at each parallel of lati- 
tude on the earth’s surface, in nautical and statute miles and in meters, based upon Clarke’s value 


(1866) of the earth’s compression, aa = In the case of latitude, the length relates to an arc of 
which the given degree is the center. 


TABLE 7.—DISTANCE OF OBJECT BY TWO BEABINGS—DEGREES. 


This table has been computed to facilitate the operation of finding the distance from an object 
by two bearings from a given distance run and course. The arguments are given in degrees; the 
first column contains the multiplier of the distance run to give the distance of observed object at 
second bearing; the second, at time of passing abeam. 

The method is explained in Chapter IV. 


TABLE 8.—DISTANCE OF VISIBILITY OF OBJECTS. 


This table contains the distances, in nautical and statute miles, at which any object is visible 
at sea. It is calculated by the formule: 


d=1.15yz, and d’=1.32yz, 
in which d is the distance in nautical miles, d’ the distance in statute miles, and z the height of the 
eye or the object in feet. 
To find the distance of visibility of an object, the distance given by the table corresponding to 
its height should be added to that corresponding to the height of the observer’s eye. 
- EXAMPLE: Required the distance of visibility of an object 420 feet high, the observer being at 
an elevation of 15 feet. 
Dist. corresponding to 420 feet, 23.5 naut. miles. 
Dist. corresponding to 15 feet, 4.4 naut. miles. 


ee 


Dist. of visibility, 27.9 naut. miles. 


TABLE 9.—DISTANCE BY VERTICAL ANGLES (distance less than 5 miles). 


This table gives the distance, up to 5 miles, of an object of known height by the vertical angle 
that it subtends at the position of the observer. It was computed by the formula 


tan a=‘, 


where a=the vertical angle; 
h=the height of the observed object in feet; and . 
d=the distance of the object, also converted into feet. 


No correction for Dip is applied. 
The eaiployment of this method of finding distance is explained in Chapter IV. 
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TABLE 10.—DISTANCE BY VERTICAL ANGLES (distance greater than 5 miles). 


This table gives the distance greater than 5 miles of an object of known height by the angle it 
subtends at the position of the observer. The table comprises heights from 400 to 15,500 feet 
above the sea and distances from 6 miles to 85 miles. It contains correction tables for refraction 
and dip, both of which are subtracted from the observed angle after applying the index correction 
of the sextant. Aircraft using the bubble sextant correct the observed altitude for refraction only. 
This table is used for angles of elevation, or for those cases where the height of object is greater than 
height of observer. 

EXAMPLE: The altitude of a mountain top 15,000 feet high was observed which gave by sex- 
tant an elevation of 1°40’; I. C.+1’; height of eye 35 feet, estimated distance 60 miles. Find the 
required distance. After applying the index correction of plus 1’ the altitude is 1°41’. From the 
table, the correction for Dip is —5’.8, and the correction for refraction is —4’.4 or a total of — 10’.2. 
This correction subtracted from 1°41’ gives an angle of elevation of 1°30’.8. Enter table ordi- 
narily with the difference between the height of object and height of eye, but when the height of 
eye is relatively low this may be disregarded. Therefore under the column for 15,000 feet find the 
angle nearest 1°31’. By interpolation the distance away is found in the side column to be approxi- 
mately 67.6 nautical miles. 

It must be noted that observed bearings are the same as great circle bearings and are not the 
same as mercator bearings taken from the chart. The mercator bearing requires a correction 
similar to the correction of a radio bearing. In most cases this correction can be disregarded, unless 
the mountain is very far away or the vessel is in high latitudes. 


TABLE 11.—HORIZON ANGLES. 
This shows the distance in yards corresponding to any observed angle between an object and the 


sea, horizon beyond, the observer being at a known height. 
The method of use is explained in Chapter IV. 


TABLE 12.—SPEED TABLE. 
This table shows the rate of speed, in nautical miles per hour, of a vessel which traverses a 
measured mile in any given number of minutes and seconds. It is entered with the number of 


minutes at the top and the number of seconds at the side; under one and abreast the other is the 
number of knots of speed. 


TABLE 13.—TIME—SPEED—DISTANCE TABLE. 
This table shows the distance in nautical miles steamed in any part of an hour from 5 knots 


to 37 knots. It is entered with the number of minutes at the side, with speed in knots at the top, 
abreast of one and under the other is found the distance in nautical miles. 


TABLE 14.—CONVERSION TABLES FOR NAUTICAL AND STATUTE MILES. 
TABLE 15.—CONVERSION TABLES FOR METRIC AND ENGLISH LINEAR MEASURE. 
TABLE 16.—CONVERBSION TABLES FOR THERMOMETER SCALES. 


TABLE 17.—REDUCTION OF LOCAL CIVIL TIME TO STANDARD MERIDIAN TIME. 
This table contains the reduction to be applied to the local time to obtain the corresponding 
time at any other meridian whose time is adopted as a standard. The results are given to the 


nearest minute of time only; being intended for the reduction of such approximate quantities as 
the time of high water or time of sunset. ; 


TABLE 18.—DIP OF SEA HORIZON. 
This table contains the dip of the sea horizon, calculated by the formula: 
D=58''.8VF, 


in which F=height of the eye above the level of the sea in feet. 
It is explained in Chapter X. 


TABLE 19.—DIP SHORT OF HORIZON. 


This table contains the dip for various distances and heights, calculated by the formula: 


p=34+0.56514x4, 


in which D represents the dip in miles or minutes, d, the distance of the land in sea miles, and h, the 
height of the eye of the observer in feet. 
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TABLE 20.—PARALLAX OF SUN. 


This table contains the sun’s parallax in altitude computed by the formula: 
par.=sin 2X 8’’.75, 


in which z=apparent zenith distance, the sun’s horizontal parallax being 8’’.75. 
It is explained in Chapter X. 


TABLE 21.—PARALLAX OF PLANET. 


Parallax in altitude of a planet is found by entering at the top with the planet’s horizontal paral- 
lax, and at the side with the altitude. In observations at sea, this correction is disregarded. 


TABLE 22.—MEAN REFRACTION. 


This table gives the refraction, reduced from Bessel’s tables, for a mean atmospheric condition 
in which the barometer is 30.00 inches, and thermometer 50° Fahr. 


TABLE 23.—MEAN REFRACTION AND PARALLAX OF SUN. 


This table contains the correction to be applied to the sun’s apparent altitude for mean refraction 
and parallax, being a combination of the quantities for the altitudes given in Tables 20 and 22. 


TABLES 24, 25.—CORRECTIONS OF REFRACTION FOR BAROMETER AND 
THERMOMETER. 


These are deduced from Bessel’s tables. The method of their employment will be evident. , 


TABLE 26.—REDUCTION FOR MOON’S TRANSIT. 


" obs table was computed by proportioning the daily variation of the time of the moon’s passing 
the meridian. 

The numbers taken from the table are to be added to the Greenwich time of moon’s transit in 
west longitude, but subtracted in east longitude. 


TABLE 27.—AMPLITUDES. 


This table contains amplitudes of heavenly bodies, at rising and setting, for various latitudes and 
declinations computed by the formula: 


sin amp.=sec. Lat. Xsin dec. 


It is entered with the declination at the top and the latitude at the side. 
Its use is explained in Chapter XIII. 


TABLE 28.—CORRECTION FOR AMPLITUDES OBSERVED ON THE APPARENT 
HORIZON. 


This table gives a correction to be applied to the observed amplitude to counteract the vertical 
displacement due to refraction, parallax, and dip, when the body is observed with its center in the 
visible horizon. 

The correction is to be applied for the sun, a planet or a star, as follows: 


At Bettis In ~ ane apply the correction to the right. 


At Setting 2 = aoe apply the correction to the left. 


For the moon, apply half the correction in the contrary manner. 


TABLE 29.—CHANGE OF ALTITUDE IN ONE MINUTE FROM MERIDIAN. 


This table gives the variation of the altitude of any heavenly body, for one minute of time from 
meridian passage, for latitudes up to 60°, declinations to 63°, and altitudes between 6° and 86°. Itis 
based upon the method set forth in Chapter XI under “‘Reduction to the Meridian’”’ and the values 
may be computed by the formula: 

_1'’.9635 cos L cos d 
~  gin(L—d) 


where a=variation of altitude in one minute from meridian, 
L=latitude, and ; 
d=declination—positive for same name and negative for opposite name to latitude at upper 
transit, and negative for same name at lower transit. 
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The limits of the table take in all values of latitude, declination, and altitude which are likely to 
be required. In its employment, care must be taken to enter the table at a place where the declina- 
tion is appropriately named (of the same or opposite name to the latitude) ; it should also be noted 
that at the bottom of the last three pages values are given for the variation of a body at lower transit, 
which can only be observed when the declination and latitude are of the same name,.and in which 
case the reduction to the meridian is subtractive; the limitations in this case are stated at the foot 
of the page, and apply to all values below the heavy rules. 


TABLE 30.—CHANGE OF ALTITUDE IN GIVEN TIME FROM MERIDIAN. 


This table gives the product of the variation in altitude in one minute of a heavenly body near 
the meridian, by the square of the number of minutes. Values are given in arc for every 5’ from 0° 
to 7°, or in time for every 20° from 0™ to 28, and for all variations likely to be employed in the 
method of ‘‘reduction to the meridian.” 

The formula for computing is: 


Red.=aXé@, 
where a= variation in one minute (Table 29), and 
¢=number of minutes (in units and tenths) from time of meridian passage. 


The table is entered in the column of the nearest interval of time or arc from meridian, and the 
value taken out corresponding to the value of a found from Table 29. The units and tenths are 
picked out separately and combined, each being corrected by interpolation for intermediate intervals 
of time or arc. 

The result in minutes and tenths of arc is the amount to be applied to the observed altitude to 
pecuee it to the meridian altitude, which is always to be added for upper transits and subtracted 
for lower. 


TABLE 31.—NATURAL TRIGONOMETRIC FUNCTIONS. 


This table and the rg eae thereto, have been prepared and copyrighted by Lyman M. 
Kells, Willis F. Kern, and James R. Bland, who have supplied them to the vdrographic Office for 
use in its publications. Neither the table nor any new feature embodied therein, may be reproduced 
in any form without the permission of the copyright owners. 

Table of natural values of trigonometric functions.— Table 31 contains the numerical values 
of the sines, cosines, tangents, and cotangents of angles from 0° to 90° at intervals of 1’. In the 
case of an angle in the range from 0° to 45°, the number of degrees in the angle and the names of 
the functions are found at the top of the page and the left-hand minute column applies; in the case 
of angles in the range from 45° to 90°, the number of degrees in the angle and the names of the func- 
tions are found at the bottom of the page and the right-hand minute column applies. Interpolation 
must be carried out without the aid of difference columns or tables of proportional parts. 

The following examples illustrate the method of using the tables. 

EXAMPLB 1: Find sin 68°28’. 

Solution.— We first find the page at the bottom of which 68° appears and then find the row of 
the 68° block containing 28’ in the right-hand minute column. In this row and in the column 
having sin at its foot we find 020 to which we must prefix 0.93 to obtain sin 68°28’ —0.93020. 

XAMPLE 2: Find sin 38°38’27’’. 
Solution.— Using the tables and computing differences, we find the values exhibited in the fol- 


lowing form: 
sin seongioyt pat” Spee 
sin 38°38/27’’ 60’’=? 23 


sin 38°39’00’" = (0.62456 
Hence 
Zant or z=( 73 )23— 10 (nearly). 
Therefore 


sin 38°38/27’’ = 0.62433 + 0.00010=0.62443. Ans. 
EXAMPLE 3: If cot 6=0.37806, find 0. 
Solution.— Using the tables and computing differences, we find the values exhibited in the fol- 
lowing form: 
cot ee ae Zo sraoeh 4 
cot ? 60= 0.37806 33 
cot 69°18'00’’ = 0.37787 
Hence 
a _i4 _14 =—ORM —RQ°VW/ORN 
6077 33’ OF 33 (60) 25’’ (nearly), and 6=69°17'25’’. Ans. 


Since cot @ is positive in the third quadrant, we may also write an answer 180°-+69°17'25'' = 
249°17'25’’. 
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TABLE 32.—COMMON LOGARITHMS OF NUMBERS. 


This table and the explanation thereto, have been prepared and copyrighted by Lyman M. 
Kells, Willis F. Kern, and James R. Bland, who have supplied them to the Hydrographic Office for 
use in its publications. Neither the table nor any new features embodied therein, may be reproduced 
in any form without the permission of the copyright owners. 

a dditional examples in the use of logarithms are contained in Appendix III of Part I of this 
ublication. 
sf Introduction.— The power L to which a given number b must be ratsed to produce a number N is 
called the logarithm of N to the base b. This relation expressed in symbols is 


bl = N. 


It appears at once that 6 must not be unity and it must not be negative. In the following 
set of tables, 10 is used as base. 

Characteristic and mantissa.—The common logarithm of any real, positive number may be 
written as an integer, positive or negative, plus a positive decimal fraction. ‘The integral part is 
called the characteristic and the decimal part the mantissa. The characteristic may be written by 
using the following rules: 

ULE 1: The characteristic of the common logarithm of a number greater than 1 ts obtained by 
subtracting 1 from the number of digits to the left of the decimal point. 

For example, 68.30 has two digits to the left of its decimal point; hence its characteristic is 
2—1=1. Similarly for 6830, the characteristic is 4—1=3, for 7.864 it is 1—1=0, and for 5846300 
it is 6. 

Rutz 2: The characteristic of the common logarithm of a positive number less than 1 is negative 
and its magnitude is obtained by adding 1 to the number of zeros tmmediately following the decimal 


nt. 
a If the characteristic of a number is —n (n positive), it should be written in the form (10—n) — 10. 
To obtain directly the logarithm of a number less than 1, subtract from 9 the number of zeros immediately 
following the decimal point, and write the result before the manitssa and — 10 after tt. 

For example, 0.000785 has three zeros immediately following the decimal point; hence its 
characteristic is — (3+ 1)=—4, or6—10. Similarly for 0.0000587 the characteristic is —(4-+1)= —5 
or 5—10, for 0.0287 it is —2 or 8—10, and for 0.684 it is —1 or 9—10. 

To find the mantissa—Special case.—The mantissa, or decimal part of the logarithm of a 
number, depends only on the sequence of the digits and not on the position of the decimal point. 
been tio cvaas the mantissas, accurate to five decimal places, of the logarithms of all integers from 
1 to 10,000. 

The change in the mantissas of the logarithms is very slow. Co uently the first two digits 
of the mantissas have been omitted from a large percentage of entries. en these two digits are 
omitted from an entry, they always appear in the column containing the entry both slightly above 
it and also slightly below it. ° 

To find the mantissa of the logarithm of a number locate the first three digits of this number 
in the left-hand column headed No., and the fourth digit in the row at the top of the page. Then 
the mantissa of the given number containing four significant figures is in the row whose first three 
figures are the first three significant figures of the given number, and in the column headed by the 
fourth. Thus to find the logarithm of 76.64 find 766 in the column headed No., and follow the cor- 
responding row to the entry in the column headed by 4. This entry 88446 represents the mantissa 
required. The first two digits 88 of the mantissa were found in the same column with the considered 
entry but one apace lower, and also in the same column, but seven spaces higher. 

Hence, we have 


log 76.64= 1.88446. 


Interpolation.— When a number contains a fifth significant figure, we find the logarithm cor- 
responding to the first four figures as above and then add an increment obtained by a process called 
interpolation. This process is based on the assumption that for relatively small changes in the number 
N the changes in log N are proportional to the changes in N. The following example will serve to 
illustrate the process of interpolation. 

The expression tabular difference will be used frequently in what follows. The tabular differ- 
ence, when used in connection with a table, means the result of subtracting the lesser of two succes- 
sive entries from the greater. These differences have been computed in every case and tabulated 
in the columns headed ‘‘d’’. 


EXAMPLE: Find log 235.47. 
Solution.— We first find the logarithms in the following form and then compute the difference 


indicated: 
log eee = 2.37 = d 
log 235.47)" 710=? 18 (tabular difference). 
log 235.50 = 2.37199 


By the principle of proportional parts, we have 


70° 18’ or d 7918) 12.6=13 (nearly). 
Adding 0.00013 to 2.37181, we obtain 
log 235.47 = 2.37194. 
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The increment 12.6 was rounded off to 13 because we are not justified in writing more than five 
decimal places in the mantissa. ~ 

The essence of this procedure is embodied in the following statement. To find the logarithm of a 
number composed of five significant figures, first find the logarithm corresponding to the first four figures 
and to it one-tenth of the tabular difference nultiplied by the fifth digit. 

To shorten the process of interpolation, 10° times each tabular difference occurring in the table 
has been multiplied by 0.1, 0.2, . . . 0.9, and the results have been tabulated on the right-hand 
sides of the pages on which these differences occur. The abbreviation Prop. Parts written at the 
top of the page over these small tables abbreviates the words proportional parts. To interpolate in 
the example just solved, note the tabular difference 18, locate the Prop. Parts table headed 18 and 
find opposite 7 in its left-hand column the entry 13. In general, this difference should not be com- 
puted but should be obtained from the number opposite the fifth digit in the appropriate table of 
proportional parts. 

To find the number corresponding to a given logarithm.—If log N=L, the number N is called 
the antiloyarithm of L. The sequence of digits of a number N corresponding to a given logarithm L 
is found from its mantissa, and the deci point is then placed in accordance with the italicized 
rules stated above. 

Examp.Le: Given log N=1.92955, find N. 

Solution.—The mantissa .92955 lies between the entries .92952 and .92957 of Table 32. Using 
the table and computing the differences indicated, we write the following form: 


1.92052, =log 85.020 
1.92955 f° $5=log N 0. 


1.92957 =log 85.030 
Assuming that changes in the logarithm are proportional to the corresponding changes in the number, 


we write 3 3 
z = = — 
510’ or z= 10($)=6. 


Hence 
N=85.026. 


The essence of the process of interpolation is indicated in the foregoing procedure. However, 
in practice, the student should always interpolate by using the table of proportional parts. The fifth 
figure 6 should have been obtained from the table Bed ed elle ey parts. In the small Prop. Parts 
table corresponding to the tabular difference 5, we either 5 or 6 tn the left-hand column opposite 
the entry 3. However, the 6 must be chosen; for in case there is a choice between two or more 
entries one of which is opposite a number printed in boldface, give preference to the entry opposite 
the bold-faced figure. 

Ruue: Whenever a number lying exactly half way between two entries ts under consideration or is 
the same as two or more adjacent entries, give preference to that character which has a bold-faced 
part nearest the entry. 


TABLE 33.—LOGARITHMS OF TRIGONOMETRIC FUNCTIONS. 


This table and the explanation thereto, have been prepared and copy nies by Lyman M. Kells, 
Willis F. Kern, and James R. Bland, who have supplied them to the Hydrographic Office for use in 
its publications. Neither the table nor any new features embodied therein, may be reproduced in 
any form without the permission of the copyright owners. 

Table of logarithms of trigonometric functions.—Table 33 gives the logarithms of the sines, 
cosines, tangents, cotangents, secants, and cosecants of angles at intervals of 1’ from 0° to 90°. 
The names of the functions written at the top of any page apply to angles having the number of 
degrees written at the top of the page, and the function names written at the bottom apply to angles 
having the number of degrees written at the bottom. The left-hand or the right-hand minute 
column applies according as the number of degrees in the angle is written on the left side or on the 
right side of the block of numbers under consideration. One of the arrowheads attached to each 
number representing degrees points toward the column of minutes to be used in connection with 
an angle involving that number of degrees, the other points toward the row of names to be considered. 

For example, to find log sin 32°46’, we find the page at the top of which 32° appears. find the 
row containing 46 in the left-hand minute column, and read 9.73337 in this row and in the column 
headed sin. ‘The part 9.73 was found above the 46’ entry or it could have been found lower down in 
the column, and 10 is to be subtracted from every logarithm in the table. Again, to find log tan 
142°36’, find the page at the top of which 142° appears, find the row containing 36 in the right- 
hand minute column, and read 9.88341 in this row and in the column headed tan. Hence log 
tan 142°36’=(—) 9.88341—10. The minus sign in parentheses before the log indicates that a 
negative number is under consideration. The 9.88 was found three spaces higher in the column, 
or it could have been found lower in the column. 

Given the angle to find the logarithm of a trigonometric function—Interpolation.—The prin- 
ciples involved here are the same as those involved in finding logarithms and antilogarithms of 
numbers. hia eran for seconds is accomplished by direct interpolation or by using the columns 
headed ‘‘diff.”” The following example will illustrate the use of the difference columns. 
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ExaMP.Lp: Find log tan 65°42/17’'. 

Solutton.—On the page at the foot of which 65° appears, read opposite the 42’ of the right-hand 
minute column 533; attach to this the 10.34 found four spaces above this entry, to obtain 10.34533. 
In the nearest difference column opposite 17’’ find 9 and add it to the last figures (33) of 10.34533 and 
finally subtract 10 from the result to obtain 


log tan 65°42/17'’ = 10.34542— 10=0.34542 


In the process of interpolation for seconds, the difference column, headed “diff,’’ nearest to the 
column of entries involved should be used. The change for seconds ts found in this column opposite a 
number in the adjacent column equal to the number of seconds in the given angle. This difference 1s added 
to or subtracted from the number represented by the last three digits of the entry opposite the given number 
of minutes according as the entry for the next higher number of minutes ts a greater or a lesser one. 

Interpolation by means of the columns headed “diff” involve slight errors which are negligible 
for most purposes of navigation. To avoid this error, direct interpolation may be used. Let n 
represent the number of seconds, D the difference between the entry corresponding to the given 
number of minutes and that corresponding to the next higher number of minutes, and d the required 
change to be added to or subtracted from the entry opposite the given number of minutes. hen 


n 
d=— 5D. 

Given the logarithm of a trigonometric function, to find the angle.—The following example will 
indicate the procedure necessary to find the angle when the logarithm of a trigonometric function 
of the angle is given. 

ExaMp.gz: Find @ if log cos @=9.85391— 10. 


Solution.—On the pase at the top of which 44° appears, and in the column headed cos find the 
two entries 9.85399 and 9.85386 between which the given logarithm lies. Write 0=44°24’+ asso- 
ciated with the entry 9.85399. The difference between 9.85399 and the given logarithm is 0.00008; 
hence enter the adjacent column headed “‘diff’’ and opposite the 8 in boldface read 39’’ in the asso- 
ciated seconds column. Hence 

6= 44°24’39’’. 


In obtaining approximate position, observe only the two digits in boldface at the top of the 
while leafin Ehroust the table in search of the desired page. J aie 
Rue: Whenever, in the process of finding the appropriate number of seconds, there is a choice 

. between two or more entries one of which is printed in boldface always give preference to the bold-faced eniry. 
Here again direct interpolation may be used. For this purpose solve the formula written 
above, d= (n/60) D for n to obtain 


n= 560, 


where n and D have the same meanings as above and d is the difference between the logarithm 
corresponding to the correct number of minutes and the given logarithm. 


TABLE 34.—LOGARITHMIC AND NATURAL HAVERSINES. 
The haversine is defined by the following relation: 


hav. A= vers. A=1!4(1—cos A) =sin? % A. 
hav. A=hav. (360°—_.A); thus hav. 210°= hav. 150°. 


It is a trigonometric function which simplifies the solution of many problems in nautical astron- 
omy as well as in plane trigonometry. To afford the maximum facility in carrying out the processes 
of solution, the values of the natural haversine and its logarithm are set down together in a single 
table for all values of angle ranging from 0° to 360°, expressed both in arc and in time. 


TABLE 35.—THE LONGITUDE FACTOR. 


The change in longitude due to a change of 1’ in latitude, called the longitude factor, F, is given 
in this table at suitable intervals of latitude and azimuth. The quantities tabulated are computed 


from the formula— 
‘ F=sec. Lat. cot. Az. 


When a time sight is solved with a dead-reckoning latitude, the resulting longitude is only true 
if the latitude be correct. This table, by setting forth the number of minutes of longitude due to 
each minute of error in latitude, gives the means of finding the correction to the longitude for any 
error that may subsequently be disclosed in the latitude used in the computation. 

arding the azimuth of the observed celestial body as less than 90° and as measured from 
either the North or the South point of the horizon toward East or West, the rule for determining 
whether the correction in longitude is to be applied to the eastward or to the westward will be as 
follows: If the change in latitude is of the same name as the first letter of the bearing, the change in 
longitude is of the contrary name to that of the second letter, and vice versa. 
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Thus, if the body bears S. 45° E. and the change in latitude is to the southward, the change in 
longitude will be to the westward; and, if the change in latitude is to the northward, the change in 
longitude will be to the eastward. 

The convenient application of the longitude factor in finding the intersection of position lines is 
explained under ‘‘Computing the intersection of position lines,’”’ chapter XIV. 


TABLE 36.—THE LATITUDE FACTOR. 


The change in latitude due to a change of 1’ in the longitude, called the latitude factor, f, is 
given in this table at suitable intervals of latitude and azimuth. The quantities tabulated, being 
the reciprocals of the values of the longitude factor, are computed from the formula— 


Pe aS ea 
~ F gec. Lat. Xcot. As. 


When an ex-meridian sight is solved with a longitude afterwards found to be in error, this table, 
by setting forth the number of minutes of latitude due to each 1’ of error in longitude, gives the 
cope of finding the correction in the latitude for the amount of error in the longitude used in the 
calculation. 

Regarding the azimuth of the observed celestial body as less than 90° and as measured from 
either the North or the South eee of the horizon toward East or West, the rule for determining 
whether the correction in latitude is to be applied to the northward or to the southward is as follows: 
If the change in longitude is of the same name as the second letter of the bearing, the change in lati- 
tude is of the contrary name to the first letter, and vice versa. Thus, if the body bears S. 14° E. 
and the change in longitude is to the westward, the change in latitude will be to the southward, and, 
if the change in longitude is to the eastward, the change in latitude will be to the northward. 


” TABLE 87._NOON INTERVAL FACTOR. 


An important item in the day’s work is the proper setting of the watch to show the correct time 
of local apparent noon, or to find the interval of time from the morning sun observation to local 
apparent noon. The rate of change of longitude of the sun in its diurnal path from east to west is 

’ per hour. If to this is added the hourly change in longitude of the vessel due to course and 
speed, combined with the current, when this change of longitude is to the eastward, or if to this is 
subtracted the hourly change in longitude when speed and current are to the westward, the result 
will be the rate of approach per hour of the meridian of the sun toward the meridian of the observer. 
Suppose at watch time 75 59™ 43° (G. C. T. 125 12™ 50°) the local observation of sun gave an easterly 
hour angle of 35 34™ 06* (35.5683), the vessel changes longitude 19’ every hour to the eastward due 
to course and speed, and that the current in longitude is 0’.6 eastward; then the interval to noon is 


3*.5683 X a707- 6° From the table for 19’.6, Easterly hourly change in longitude the factor found is © 
-97869 and this number multiplied by the hour angle 34.5683 is the interval to noon. 


logarithm of .97869= 9.99065 
logarithm of 35.5683 =0.55246 


= cos. Lat. tan. Az. 


logarithm of interval =0.54311=3.4923=3 29™ 32 


W. T. obs. 75 59™ 438 G. C. T. of obs. 125 12 50 
Intv. to noon, 3 29 32 Intv. to noon, 3 29 832 
W. T. of L. A. noon, 11 29 15 G. C. T. of L. A. noon, 15 42 22 


The declination for noon is found in the nautical almanac for G. C. T. 154 42™ 22s. 


; The W. T. of transit of star or planet may be found by multiplying its hour angle by table 
actor. 


TABLE 38.—CONVERSION OF SIDEREAL INTO MEAN SOLAR TIME. 
TABLE 39.—CONVERSION OF MEAN SOLAR INTO SIDEREAL TIME. 


These tables give, respectively, the reductions necessary to convert intervals of sidereal time into 
those of mean solar time, and intervals of mean solar into those of sidereal time. The reduction for 
any interval is found by entering with the number of hours at the top and the number of minutes at 
the side, adding the reduction for seconds as given in the margin. 

The relations between mean solar and sidereal time intervals, and the methods of conversion of 
these times, are given in Chapter IX. 


TABLE 40.—CORRECTIONS TO BE APPLIED TO FIND THE TRUE ALTITUDE OF A 


STAR AND ALSO OF THE SUN FROM THE OBSERVED ALTITUDE ABOVE THE 
HORIZON. 


This is a consolidated table in which the tabulated correction for an observed altitude of a star 
combines the mean refraction, and that for an observed altitude of the sun’s lower limb combines 
the mean refraction, the parallax, and the mean semidiameter, which is taken as 16’. The addi- 
tional correction for the sun takes account of the variation of the sun’s semidiameter in the different 
months of the year. The Auxiliary table for height of eye gives the additional corrections for dip. 
In case the sun’s upper limb is observed, then twice the semidiameter obtained from the 
Nautical Almanac is subtracted from the resulting altitude. This gives the lower limb, then the 
corrections from this table are supplicd as usual. 
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TABLE 41.—CORRECTIONS TO BE APPLIED TO FIND THE TRUE ALTITUDE OF THE 
MOON FROM THE OBSERVED ALTITUDE ABOVE THE HORIZON. 


In this table, which is to be entered with the observed altitude in the side column and from the 
top with the horizontal parallax as obtained from the Nautical Almanac for the time of observation, 
there are set down the corrections to be applied to the observed altitude of the moon’s upper limb 
above the horizon, and also of the lower limb, giving the combined effect of the astronomical 
refraction for the mean state of the atmosphere. and of the parallax and semidiameter of the 
moon. The auxiliary table for height of eye gives the correction for dip. 


TABLE 42.—CONVERSION OF ARO AND TIME. 


This table, which is divided into three parts, contains: First, angular measures of arc from 0° to 
360°, with corresponding values expressed in time (hours and minutes); second, angular measures of 
arc from 0’00’’ to 60’00’’ with corresponding values expressed in time (minutes, seconds) ; third, angu- 
lar measures of arc 0’’ to 60’’ with corresponding values expressed in decimals of a second of time. 

The table will be especially convenient in dealing with longitude and hour angle when converting 
from time to arc or vice versa. 


TABLE 43.—CONVERSION OF LOCAL CIVIL TIME TO GREENWICH CIVIL TIME. 


This table is divided into two parts, the upper part is for places in west longitude and the lower 
for east longitude. The table is entered with local civil or watch time of place then under the column 
of longitude or time zone of observer is found the G. C. T. for the local date. If the G. C. T. is 
found where there are italic type in west longitude, then the Greenwich date is one day ahead of the 
local date, or the next day; if the G. C. T. is found in italic type in east longitude, then the Greenwich 
date is one day before the local date. : 

Example: Find the approximate G. C. T. and the date corresponding to a watch time of 11 
p. m. on July 1, oe 136° W. 

Enter table with L. C. T. 235 and under Long. 135°, the G. C. T. is 85, since it is found in italic 
type the date is one day ahead or July 2. 

Example: Find the approximate L. C. T. or watch time of Washington, D. C., when it is 4 a. m. 
watch time July 4, Manila P. I. 

Enter table of East Long. with L. C. T. 45 and under 120° (—8 zone) is found, G. C. T. 20% 
in italic t which is G. C. T. 205 J mY 3. In the first table (west longitude) look under 75° (+5 
zone) for Washington and for G. C. T. 204, then under L. C. T. is found 15, or 3 p. m. July 3. 
Whenever G. C. T. is found in italic type, the date for L. C. T. is changed from the date of the 
known G. C. T.; in other words, it is a reversal of the process. 
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TABLE 1. 
Radio Bearing 


Conversion. 


Correction to be applied to radio bearing to convert to mercator bearing. 
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TABLE 1. 
Radio Bearing Conversion. 


Correction to be applied to radio bearing to convert to mercator bearing. 
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Conversion of Points to Degrees 
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SS EaE Se ee + 
BEY Sasi is a ee 4 

BS Bgeseiese eStats 4 
8S. by EXE_-_..----- 14% 
8. by EMB._--_---- 4\% 
8S. by EME._.------ 14% 

DY ise oeceec ese ieee 5 
SY%E__....-.--.---. 15% 
hg 1 ne ee eer 15% 
BY eccces ewe 15% 

WEST TO NORTH. 

West vin Shea oy, 
A ee 4 
Wg ze 
@QNcciwoesecl ees 4% 

by N aren tee ea ee 25 
NW4W...------- 254% 
WNWKW._.-------- 25% 
WNWKW..-------- rte 
NW. by W%W..---- 2614 
NW. by WKW..---- 2636 
NW. by W%W.----- 26% 

NW. Or emtoaratecsensd 27 
NW4W_.---------- 27% 
NWKW_-.--------- 2744 
NW Wine 2 ecSueess au 
NWYN._--_--------- 28% 
NWKN-_----------- 28% 
NWN 2accewcuves 28% 

NW. by N___----------- 29 
NNW%W._--------- 2934 
NNWKW_.--_------ 29% 
NNWKW..-------- 29% 

NNW.._--- ee en een Eee 30 
N. by W%W.-__----_- 30% 
N. by W4W.-_--_---- 30% 
N. by W4W.-_------ 30% 

N. Cea Nia sete eae Ie 1 
| ee ee 31% 
N4W.___ ee 31% 
NY W cote ee cohol 31% 

North. 22s. 2 eee oe 2 


171 33 45 
174 22 30 
177 11 15 


360 00 00 


Pago 18] TABLE 3. 
Difference of Latitude and Departure for 1° (179°, 181°, 359°). 


Dist.| Lat. Dep. Lat. Dist.| Lat. Dep. } Dist.| Lat. Dep. | Dist.; Lat. Dep. 
1 10] 0.0 61.0 | 117121 | 121.0} 2.149181 | 1810) 3.2] 241 | 2410] 42 
2 2.0] 0.0 62.0} Lif 22) 1220; 2149 82] 182.0] 32] 42) 2420] 42 
3 3.0] 01 63.0} LI 23] 123.0; 217 83] 183.0} 327 43 | 243.0) 42 
4 40/ 01 64.0{ LIfe 24/1240] 22) 84) 1840] 3.2] 44) 2440) 43 
5 5.0] O1 65.0] Lil] 251 125.0; 2.27 85 | 185.0) 327 45 | 245.0] 43 
6 6.0] 0.1 66.0; 12] 26/1260; 22] 86] 1860) 3.2] 46 | 2460] 43 
7 7.0) 0.1 67.0} L2] 27 | 127.0) 22] 87 | 187.0} 3.3] 47 | 247.0) 43 
8 8.0; 01 68.0} 12 4 28] 128.0/] 2.2) 88 | 188.0] 3.3 — 48 | 2480] 43 
9 9.0! 0.2 69.0] 12] 29/1290) 23 7 89] 189.0; 33] 49 | 249.0] 43 

10; 10.0] 0.2 70.0; 1.2] 30] 130.0} 23 4 90] 190.0] 33] 50] 2500; 44 
11} 11.0] 0.2 71.0} 1.27131 | 181.0{ 2.3 | 191 | 191.0] 3.3] 251 | 251.0] 44 
12| 120] 0.2 72.0); LS] 32; 1382.0] 28 4% 92]1920| 3.49% 52] 2520) 44 
13] 13.0] 0.2 73.0} L3] 33) 133.0] 23 4 93) 193.0] 34] 53 | 253.0) 44 
14] 140] 0.2 74.0) L3] 34] 1340] 23 94); 1940] 3.4) 54] 2540; 44 
15| 15.0] 0.3 75.0] 13] 35] 135.0] 2.4) 95}; 195.0] 3.4] 55 | 255.0,; 45 
16] 160] 0.3 76.0] LS] 36/)/1860] 24 96) 1960] 34] 56] 2560/ 45 
17} 17.0] 0.3 77.0} 13] 37 | 137.0} 2.4] 97] 197.0] 3.4] 57 | 257.0) 45 
18; 18.0] 0.3 78.0] 14] 38 | 1388.0] 24] 98] 1980] 35] 58 | 2580) 45 
19{ 19.0] 0.3 79.0] 14] 39] 139.0] 24 99; 199.0] 3.59 59] 259.0) 45 
20 | 20.0] 0.8 80.0] 1.4] 40/ 140.0] 2.4 | 200 | 200.0] 3.5] 60 | 2600] 45 
21; 21.0] 0.4 81.0] 14 9 141 | 141.0] 2.5 F 201 | 201.0 3.5 | 261 | 261.0 4.6 
22) 22.0] 0.4 82.0} 14] 42) 142.0) 25 4% 02] 202.0] 3.57 62 |.2620|] 46 
23 | 23.0{ 0.4 83.0] L4] 43 | 143.0] 2.5] 03 | 203.0] 3.5] 63] 263.0| 46 
24} 240] 04 84.0] LB] 44] 1440] 25] 04] 2040] 36] 64] 2640] 46 
25] 25.0] 0.4 85.0] Lb] 45 | 145.0] 259 05} 205.0] 3.69 65 | 265.0); 46 
26} 26.0] 0.5 86.0) 15] 46] 146.0] 2.5] 06 | 2060] 36 66) 266.0) 46 
27 | 27.0! 0.5 87.0) 1.5] 47 | 147.0] 2.69 07 | 207.0| 3.6] 67 | 267.0 | 47 
28 | 28.0] 0.5 88.0] 1.5] 48] 148.0] 2.69 08 | 2080] 3.6% 68] 268.0) 47 
29 | 29.0] 0.5 89.0} L6F 49} 149.0} 26 09] 209.0) 3.6) 69] 269.0) 47 
30] 30.0] 0.5 90.0} L6] 50] 150.0] 268 10] 210.0] 3.79 70] 270.0) 47 
31 | 31.0] 0.5 91.0] L6 4 151 | 151.0] 2.69 211 | 211.0] 3.7 | 271] 271.0) 47 
32; 32.0] 0.6 92.0] 16 52) 1520] 2.79 12] 2120] 3.79 72] 2720| 47 
33 | 33.0] 0.6 93.0} L6§ 53] 153.0] 2.79 13] 213.0] 3.79 73) 273.0) 48 
34] 340] 0.6 94.0; L6F 54) 154.0) 279 14] 2140) 3.7] 74] 2740] 48 
35 | 35.0] 0.6 95.0] 17] 55 | 155.0] 279 15] 2150] 3.8] 75 | 2750) 4.8 
36 | 360] 0.6 96.0] 1.71 56] 156.0] 27 7 16/2160] 387 76] 276.0) 48 
37 | 37.0] 0.6 97.0| 17] 67) 157.0] 2.79 17] 217.0] 38] 77 | 277.0] 48 
38 | 38.0] 0.7 98.0] L7] 58] 1580) 28% 18] 2180] 3.8) 78] 2780) 49 
39; 39.0] 0.7 99.0; LZ] 59] 159.0] 28 7 19] 2190] 38 79] 279.0) 49 
40; 40.0] 0.7 00.0} 17] 60; 160.0] 2.8 f 20] 220.0] 3.8] 80] 280.0] 49 
41] 41.0] 0.7 101.0} 1.8 § 161 | 161.0 | 2.8 § 221 | 221.0] 3.9 f 281 | 281.0] 49 
42) 42.0|.0.7 102.0; 1.8] 62] 162.0] 2.8 | 22} 2220] 3.949 82] 282.0] 49 
43 | 43.0] 0.8 103.0 | 1.8] 63} 163.0] 2.8 | 23 | 223.0] 3.9] 83 |] 283.0] 49 
44; 440] 0.8 104.0) 1.8] 64] 164.0] 2.9 § 24] 224.0} 3.97 84] 2840] 5.0 
45 | 45.0] 0.8 105.0] 18] 65] 165.0] 2.9 | 25 | 225.0} 3.97 85 | 285.0] 5.0 
46; 460] 0.8 106.0} 1.8] 66] 166.0] 29 § 26 | 2260] 3.99 86 | 286.0; 50 
47 | 47.0] 0.8 107.0 | 1.9] 67 | 167.0] 2.9 | 27 | 227.0} 40] 87 | 287.0] 5.0 
48} 48.0] 0.8 108.0 | 1.9] 68] 168.0] 2.9] 28] 2280] 40] 88] 288.0] 50 
49 |} 49.0; 0.9 109.0]; 1.97 69] 169.0] 29] 29 | 2290] 409 89] 289.0] 50 
50 | 50.0] 0.9 110.0] 1.99 70]170.0] 3.09 30); 230.0] 407 90] 290.0] 51 
51} 51.0] 0.9 111.0] 1.9 [171 | 171.0 | 3.0 J 231 | 231.0 | 4.0 7 291 | 291.0] 5.1 
52] 52.0] 0.9 112.0/ 20 9% 72/172.0| 3.0 32] 2320] 4.0% 92] 2920; 51 
53 | 53.0] 0.9 113.0] 2.0 7 73/)173.0] 3.0] 331 233.0] 417 93] 293.0] 51 
54] 54.0] 0.9 114.0] 20 9 74/1740] 307 34] 2340] 417 94] 2940] 51 
55 | 55.0] 1.0 115.0] 2.07 75/175.0] 317 35] 235.0) 4197 95 | 295.0] 5.1 
56 | 56.0] 1.0 116.0] 20 76/1760] 317 36] 2360] 4.1] 96 | 2960] 5.2 
57} 67.0] 1.0 117.0] 2.0) 77] 177.0] 3.1] 37 | 237.0] 4.1 9 97 | 297.0] 5.2 
58 | 580] 1.0 118.0]; 2.19 78] 1780] 3.17 38] 238.0] 4.27 98/ 2980) 5.2 
59} 59.0] LO 119.0} 21] 79) 179.0; 3.1] 39 | 239.0) 4.2, 99 | 299.0] 5.2 
60 | 60.0] 10 120.0} 2.1 80 | 180.0} 3.1 40 | 240.0] 4.2 § 300 | 300.0 5. 2 
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TABLE 3. 


Difference of Latitude and Departure for 1° (179°, 181°, 359°). 


Dep. 


5.3 , : : 

5.3 361.9 | 6.3 | 22 | 421.9] 7. 
5.3 362.9 6.3 23 | 422.9 7. 
5.3 363.9] 6.41 24) 423.9] 7. 
5.3 364.9 | 6.4] 25 | 424.9] 7. 
5.3 365.9 | 6.449 26 | 425.9] 7. 
5.4 366.9 | 6.4] 27 | 426.9] 7 
5.4 367.9 | 6.4] 28 | 427.9] 7. 
5.4 368.9 | 6.4] 29 | 428.9] 7. 
5.4 369.9 | 6.5% 30] 429.9] 7. 
5.4 370.9 6.5 | 431 | 430.9 7. 
5.4 371.9 | 6.54% 82 | 431.9 | 7. 
5.5 372.9 | 6.5] 33 | 432.9 | 7. 
5.5 373.9 | 6.5] 34 | 433.9] 7. 
5.5 374.9] 6.5] 35 | 434.9 | 7. 
5.5 875.9 | 6.6] 36 | 435.9 | 7. 
5.5 376.9 | 6.6] 387 | 436.9} 7. 
5.5 377.9 |} 6.6] 38 | 437.9] 7. 
5.6 378.9 | 6.6] 39 | 438.9] 7. 
5.6 379.9 | 6.6] 40 | 439.9 | 7. 
5.6 380.9 | 6.6 | 441 | 440.9 | 7. 
5.6 381.9 | 6.7] 42 | 441.9] 7. 
5.6 382.9 | 6.7] 43 | 442.9] 7. 
5.7 383.9 | 6.7] 44] 443.9] 7. 
5.7 384.9 | 6.7] 45 | 444.9] 7. 
5.7 385.9 | 6.7] 46 | 445.9] 7. 
5.7 386.9 | 6.8 | 47 | 446.9 | 7. 
5.7 387.9] 6.8] 48 | 447.9] 7. 
5.7 388.9} 6.8] 49 | 448.9 | 7. 
5.8 389.9} 6.81 50 | 449.9] 7. 
5.8 390. 9 6.8 | 451 | 450.9 7. 
5.8 391.9} 6.8] 52] 451.9] 7. 
5.8 392.9 | 6.9] 63 | 452.9 | 7. 
5.8 393.9 | 6.9] 654 | 453.9] 7. 
5.8 394.9] 6.9] 55 | 454.9] 7. 
5.9 395.9 | 6.9] 56 | 455.9] 8. 
5.9 396.9 | 6.9] 57 | 456.9] 8. 
5.9 397.9] 6.9% 58 | 457.9] 8. 
5.9 398.9 | 7.0] 59 | 458.97] 8. 
5.9 399.9 | 7.0] 60 | 459.9] 8. 
6.0 400.9 | 7.0] 461 | 460.9] 8. 
6.0 401.9] 7.0] 62} 461.9] 8. 
6.0 402.9} 7.0] 63 | 462.9] 8. 
6.0 403.9] 7.1] 64 | 463.9) 8. 
6.0 404.9; 7.1] 65 | 464.9] 8. 
6.0 405.9}; 7.1] 66 | 465.9] 8. 
6.1 406.9 | 7.1] 67 | 466.9] 8. 
6.1 407.9} 7.1] 68 | 467.9] 8. 
6.1 408.9; 7.1} 69 | 468.9] 8. 
6.1 409.9 | 7.24 70 | 469.9] 8. 
6.1 410.9 | 7.2 | 471 | 470.9 | 8. 
6.1 411.9] 7.2] 72 | 471.9] 8. 
6.2 412.9} 7.2] 73 | 472.9 | 8. 
6.2 413.9} 7.24 74] 473.9] 8. 
6.2 414.9] 7.24 75 | 474.9) 8. 
6.2 415.9] 7.8] 76 | 475.9] 8. 
6.2 416.9| 7.8] 77 | 476.9] 8. 
6.2 417.9] 7.38] 78 | 477.9) 8. 
6.3 418.9| 7.38] 79 | 478.9] 8. 
6.3 419.9] 7.38] 80) 479.9] 8. 
Lat. | Dist. | Dep. Lat. | Dist. | Dep. 


In Plane Sailing. 
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TABLE 3. 


Difference of Latitude and Departure for 2° (178°, 182°, 358°). 


Dist. Dep. Lat. Dep. 
301 10.5 12.6 540.7] 18.9 
02 10.5 12.6 541.7] 18.9 
08 10.6 12.7 542.7} 19.0 
04 10.6 12.7 543.7] 19.0 
05 10.6 12.7 544.7 | 19.0 
06 10.7 12.8 545.7] 19.1 
07 10.7 12.8 546.7 | 19.1 
08 10.7 12.8 547.7 | 19.1 
09. 10. 8 12.9 548.7 |} 19.2 
10 10.8 12.9 549.7} 19.2 
311 10.8 12.9 ; 550.7 | 19.2 
12 10.9 13.0 d 551.7 | 19.8 
13 10.9 13.0 ; 552.7 | 19.8 
14 10.9 13.0 ; 553.7 | 19.8 
15 11.0 13.1 ; 554.7] 19.4 
16 11.0 13.1 ; 565.7) 19.4 
17 11.0 13.1 : 556. 7 19.4 
18 11.1 13. 2 ; 557.7 | 19.5 
19 11.1 13. 2 , 558.7 | 19.5 
20 11.2 13.2 : 559.7 | 19.5 
$21 11.2 13.3 440.7 560. 7 19. 6 
22 11.2 13.8 441.7 561.7 | 19.6 
23 11.3 13.38 442.7 562.7} 19.6 
24 11.3 13. 4 443.7 563.7 | 19.7 
25 11.3 13. 4 444.7 564.7 19.7 
26 11.4 13. 5 445.7 565.7 | 19.8 
27 11.4 13.5 446.7 566.7 | 19.8 
28 11.4 13.5 447.7 567.7 | 19.8 
29 11.5 13.6 448.7 568.7} 19.9 
30 11.5 13. 6 449.7 569. 7 19.9 
331 11.5 13. 6 450. 7 570.7 | 19.9 
32 11.6 13.7 451.7 571.7 | 20.0 
33 11.6 13.7 452.7 572.7 | 20.0 
34 11.6 13. 7 453. 7 573.7 | 20.0 
35 11.7 13. 8 454.7 574.6 | 20.1 
36 11.7 13.8 455.7 575. 6 20.1 
37 11.7 ‘ 13.8 , 576.6 |} 20.1 
38 11.8 F 13.9 577.6 | 20.2 
39 11.8 2 13.9 578.6 | 20.2 
40 11.9 ; 13.9 579.6 | 20.2 
$41 ‘ 11.9 | 401 | 400.8 | 14.0 580. 6 20.3 
42 ; 11.9 | 02 | 401.8 | 14.0 581.6 | 20.3 
43 ; 12.0 | 03 | 402.8 | 14.0 582.6 | 20.8 
44 ; 12.0] 04 | 403.8 | 14.1 583. 6 20. 4 
45 | 344.8 | 12.0] 05 | 404.8 | 14.1 584.6 | 20.4 
46 | 345.8 | 12.1 | 06 | 405.8 | 14.2 585.6 | 20.5 
47 | 346.8 | 12.1 07 | 406.8 | 14.2 586.6 | 20.5 
48 | 347.8 | 12.1 08 | 407.8 | 14.2 587.6 20. 5 
49 | 348.8 | 12.2 09 | 408.8 | 14.3 588. 6 20.6 
50 | 349.8 | 12.2 10 | 409.8 | 14.3 589. 6 20.6 
351 | 350.8 | 12.2 | 411 | 410.7 | 14.3 590. 6 20. 6 
52 | 351.8 | 12.3 12 | 411.7 | 14.4 591. 6 20. 7 
53 | 352.8 | 12.3] 13 | 412.7 | 14.4 592.6 | 20.7 
54 | 353.8 | 12.3] 14 | 413.7 | 14.4 593.6 | 20.7 
55 | 354.8 | 12.4] 15 | 414.7 | 14.5 594.6 | 20.8 
56 | 8355.8 | 12.4 § 16 | 415.7 | 14.5 595.6 | 20.8 
57 | 366.8 | 12.4] 17 | 416.7 | 14.5 596.6 | 20.8 
58 | 357.8 | 12.5 18 | 417.7 | 14.6 597.6 | 20.9 
59 | 358.8 | 12.5 19 | 418.7 | 14.6 598. 6 20.9 
60 | 359.8 | 12.5 | 20 | 419.7 | 14.6 599.6 | 20.9 
Dist. | Dep Lat. | Dist. | Dep Dep. Lat. 
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TABLE 3. 


Difference of Latitude and Departure for 3° (177°, 183°, 357°). 
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15. 7 421 | 420.4 | 22.0 | 481 540.3 | 28.3 

15. 8 d 22 | 421.4 | 22.1 541.3 | 28.4 

15.9 ‘ 23 | 422.4 | 22.1 542.3 | 28.4 

15.9 | , 24 | 423.4 | 22.2 543.3 | 28.5 

16. 0 F 25 | 424.4 | 22.2 544.3 | 28.5 

16.0 19.2 | 26 | 425.4 | 22.3 545.3 | 28.6 

16.1 19.2 | 27 | 426.4 | 22.3 546.3 | 28.6 

16.1 19.3 | 28 | 427.4 | 22.4 547.2 | 28.7 

16. 2 19.3 | 29 | 428.4 | 22.5 548.2 | 28.7 

16. 2 19.4 | 30 | 429.4 | 22.5 649.2 | 28.8 

16.3 19. 4 | 431 | 430.4 | 22.6 550.2 | 28.8 

16.3 19.5 | 32 | 431.4 | 22.6 551.2 | 28.9 

16. 4 19.5 | 33 | 432.4 | 22.7 552.2 | 28.9 

16. 4 19.6 | 34 | 433.4 | 22.7 553.2 | 29.0 

16.5 19.6 | 35 | 434.4 | 22.8 554.2 | 29.0 

16. 5 19.7 | 36 | 435.4 | 22.8 : 555.2 | 29.1 

16. 6 19.7 | 87 | 436.4 | 22.9 : 556.2 | 29.2 

16.6 19.8 | $8 | 437.4 | 22.9 : 557.2 | 29.2 

16.7 19.8 | $9 | 438.4 | 23.0 : 558.2 | 29.3 

16. 7 19.9 | 40 | 439.4 | 23.0 4 559.2 | 29.3 

16.8 19. 9 440.4 | 23.1 500. 3 560.2 | 29.4 

16.9 20. 0 441.4 | 23.1 601.3 561.2 | 29.4 

16.9 20.0 442.4 | 23.2 502. 3 : 29. 5 

17.0 20. 1 443.4 | 28.2 503. 3 29. 5 

: 20. 1 444.4 | 23.8 504. 3 29. 6 

: 20. 2 445.4 | 23.3 505. $ 29. 6 

E 20.3 446.4 | 23.4 506. 3 29.7 

; 20. 3 447.4 | 23.4 507.3 29. 7 

: 20. 4 448.4 | 23.5 508. 3 29. 8 

: 20. 4 449. 4 | 23.6 509. 3 29. 8 

390. 5 | 20.5 | 451 | 450. 4 | 23.6 29. 9 

391.5 | 20.5 | 52 | 451.4 | 23.7 29. 9 

392. 5 | 20.6 A 23. 7 30. 0 

393.5 | 20.6 23. 8 30.0 

394. 5 | 20.7 23. 8 30.1 

; 395. 5 | 20.7 23. 9 30.1 

; 396. 5 | 20.8 23. 9 30. 2 

: 397.5 | 20.8 24.0 30. 3 

: 398.5 | 20.9 24.0 30. 3 

: 399. 5 | 20.9 24.1 30. 4 

340. 5 400.5 | 21.0 24.1 30. 4 

341.5 401.4 | 21.0 24.2 30. 5 

342. 5 402.4 | 21.1 24.2 30. 5 

343. 5 403.4 | 21.1 24.3 30. 6 

344. 5 404.4 | 21.2 24.3 30. 6 

345. 5 405.4 | 21.2 24. 4 30. 7 

346. 5 406.4 | 21.3 24.4 30. 7 

347. 5 407.4 | 21.4 24.5 30. 8 

348. 5 408.4 | 21.4 24.5 30. 8 

349. 5 409. 4 | 21.5 24. 6 30. 9 

350. 5 410. 4 | 21.5 24.7 30. 9 

351.5 411. 4 | 21.6 24.7 31.0 

352. 5 412.4 | 21.6 24.8 31.0 

353. 5 413.4 | 21.7 24.8 8L1 

354. 5 414.4 | 21.7 24.9 31.1 

355. 5 415.4 | 21.8 24.9 31.2 

356. 5 416. 4 | 21.8 25. 0 31.2 

357. 5 417.4 | 21.9 25. 0 31.3 

358. 5 418.4 | 21.9 25. 1 31.3 

359. 5 419.4 | 22.0 25. 1 $1. 4 
Dep. Dep. Lat. } Dist. | Dep. Lat. Lat. 


In Plane Salling. 


Forconverting Dep.into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Salling. o oe 


Forconverting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Salling. sf a cs 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled trianzles. 


TABLE 3. 
Difference of Latitude and Departure for 4° (176°, 184°, 856°). 
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For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled drianiles: ss 


TABLE 3. 


Difference of Latitude and Departure for 5° (175°, 185°, 355°). 


Dist.| Lat Dep Lat Dep Dep. Dep. 
1 LO|; 01 60.8 |} 5.3 15. 8 | 241 21.0 
2 2.0; 02 6L8| 5.4 15. 9 211 
3 3.0] 0.3 62.8 | 5.5 15. 9 21.2 
4 4.0; 0.3 63.8 | 5.6 16.0 21.3 
5 5.0] 0.4 64.8] 5.7 16.1 21.4 
6 6.0 | 0.5 65.7] 5.8 16. 2 21. 4 
7 7.0) 0.6 66.7] 5.8 16. 3 21.5 
8 8.0] 0.7 67.7 | 5.9 16. 4 216 
9 90; 0.8 687] 60 16.5 2.7 

10} 100] 0.9 69.7 | 6.1 16. 6 21. 8 
-ll] ILO] LO 70.7} 6.2 16. 6 21.9 
12; 120; LO 7.7] 63 16.7 22. 0 
13; 13.0]; Lil 72.71) 64 16. 8 22. 1 
14) 13.9] 12 73.7) 6.4 16.9 22.1 
15} 149] 13 74.7) 6.5 17.0 22. 2 
16] 15.9] 14 75.71 66 17.1 22. 3 
17{| 169] L5 76.7 | 6.7 17, 2 22. 4 
18] 17.9) L6 77.71 6.8 17.3 22. 5 
16; 189] 17 78.71 69 17.3 22. 6 
20] 199] 17 79.7} 7.0 17. 4 22. 7 
21{ 20.9; L8 80.7 | 7.1 17. 5 22. 7 
22] 219] 19 8L7] 7.1 17. 6 22. 8 
23} 22.9}; 20 82.7 | 7.2 17.7 22. 9 
24} 23.9) 21 8.71 7.38 17. 8 23. 0 
20 | 249] 22 84.71 7.4 17.9 23.1 
26] 25.9] 28 85.7 |] 7.5 18,0 23. 2 
27} 269| 24 86.7] 7.6 18. 0 23. 3 
28 | 27.9) 24 — 871741 7.7 181 23. 4 
29] 289] 25 8&7] 7.8 18 2 23. 4 
30] 29.9] 26 89.7] 7.8 18, 3 23. 5 
2.7 90.71 7.9 18 4 23. 6 
2.8 916] .80 18.5 23. 7 
2.9 926); 8&1 18. 6 23. 8 
3. 0 93.61 82 187 23.9 
3.1 946] 83 18 7 24. 0 
3.1 95.6 | 84 18.8 241 
3. 2 96.6 | 85 18 9 24.1 
3.3 97.6 | 85 19. 0 24. 2 
3. 4 986] 8&6 19.1 24.3 
3.5 99.6] 87 19. 2 24.4 
3.6 100.6 | 8&8 19. 3 24. 5 
3.7 10L 6] 8&9 19, 3 24. 6 
3.7 102.6 | 9.0 19. 4 24.7 
3. 8 103.6 | 9.1 19. 5 24.8 
3. 9 1046] 9.2 19. 6 24. 8 
4.0 105.6 | 9.2 19. 7 24. 9 
4.1 106.6] 9.3 19. 8 25. 0 
4,2 107.6] 9.4 19. 9 25. 1 

4.3 108.6} 9.5 20. 0 25. 
4.4 109.6 | 9.6 20. 0 25. 3 
4.4 110. 6 9.7 20. 1 25. 4 
4.5 lLé6} 9.8 20. 2 25. 4 
4.6 126] 9.8 20. 3 25. 5 
4.7 113.6 | 9.9 20. 4 25. 6 
4.8 114.6 | 10.0 20. 5 25. 7 
49 115.6 | 10.1 20. 6 25. 8 
5. 0 116.6 | 10.2 20. 7 25. 9 
5.1 117.6 | 10.3 20. 7 26. 0 
5.1 118 5 | 10.4 20. 8 26. 1 
5. 2 119.5 | 10.5 20. 9 26. 1 
Lat. Dep. Lat. Lat. Lat. 
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Difference of Latitude and Departure for 5° (175°, 185°, 355°). 
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TABLE 3. 


Difference of Latitude and Departure for 6° (174°, 186°, 354°). 


Dist.| Lat. Lat. Lat. Lat Dep. 
1 LO]; 01 60. 7 : 180. 0 239.7 | 25. 2 
2 2.0] 0.2 61.7] 65 181.0 240.7 | 25.38 
3 3.0] 0.3: 62.7] 66 182. 0 241.7 | 25.4 
4 4.0/| 0.4 63.6 | 6.7 183. 0 242.7 | 25.5 
5 5.0] 0.5 646{| 68 184. 0 243.7 | 25.6 
6 6.0; 0.6 65.6 | 6.9 185.0 | 19.4 | 46 | 244.7 | 25.7 
7 7.0 | 0.7 66.6} 7.0 186.0 | 19.5 | 47 | 245.6 | 25.8 
8 80; 08 67.6 | 7.1 187.0 | 19.7 | 48 | 246.6 | 25.9 
9 9.0) 0.9 68.6 | 7.2 188.0 | 19.8} 49 | 247.6 | 26.0 

10 99) LOT 70; 69.6] 7.8 189.0 | 19.9] 50 | 248.6 | 26.1 
11} 109] L1 70.6 | 7.4 190.0 | 20.0 249.6 | 26. 2 
12/} 11.9;/ 18 7L6] 7.5 190.9 | 20.1 200. 6 | 26.3 
13 | 129) 14 72.6 | 7.6 191.9 | 20.2 251.6 | 26.4 
14] 139); 15 73.6 | 7.7 192.9 | 20.3 252.6 | 26.6 
15| 149] L6 74.6] 7.8 193.9 | 20.4 2538. 6 | 26.7 
16; 15.9] L7 75.6 | 7.9 194.9 | 20.5 254. 6 | 26.8 
17| 169; 18 76.6 { 80 195.9 | 20.6 255. 6 | 26.9 
18 | 17.9] L9 77.6 | 8.2 196.9 | 20.7 256. 6 | 27.0 
19 | 189] 20 78.6 | 8.83 197.9 | 20.8 257.6 | 27.1 
20) 19.9] 21 79.6 | 8.4 198.9 | 20.9 | 60 | 258.6 | 27.2 
21 | 20.9] 2.2 80.6 | 8.5 199. 9 | 21.0 | 261 | 259.6 | 27.3 
22; 21.9] 28 81.6| 86 200.9 | 21.1 260.6 | 27.4 
23 | 22.9] 24 82.5 | 8.7 201.9 | 21.2 261.6 | 27.5 
24; 23.9] 2.5 83.5; 88 202.9 | 21.3 262. 6 | 27.6 
25| 24.9) 26 845] 8.9 208.9 | 21.4 263.5 | 27.7 
26 | 26.9] 27 85.5 | 9.0 204.9 | 21.5 264.5 | 27.8 
27 | 269) 2.8 86.5 | 9.1 205.9 | 21.6 265. 5 | 27.9 
28 | 27.8 | 2.9 87.5 | 9.2 206.9 | 21.7 266.5 | 28.0 
29 | 288) 3.0 88.5} 9.3 207.9 | 21.8 267.5 | 28.1 
30 | 29.8] 3.1 89.5 | 9.4 208. 8 | 22.0 268. 5 | 28.2 
31 | 30.8] 3.2 90.5] 9.5 209.8 | 22.1 269. 5 | 28.3 
32] 31.8; 33 91.5] 9.6 210.8 | 22.2 270. 5 | 28.4 
33 | 32.8] 34 92.5] 9.7 211.8 | 22.3 271.5 | 28.5 
34]; 33.8; 36 93.5} 9.8 212.8 | 22.4 272.5 | 28.6 
35 | 348] 37 94.5] 9.9 218.8 | 22.5 273.5 | 28.7 
36; 35.8) 3.8 95.5 | 10.0 214.8 | 22.6 274.5 | 28.8 
$7 | 3681 39 96.5 | 10.1 216.8 | 22.7 275. 5 | 29.0 
38 | 37.8); 40 97.5 | 10.2 216. 8 | 22.8 276. 5 | 29.1 
39 | 388] 41 98.5 | 10.3 217.8 | 22.9 277.5 | 29.2 
40) 39.8) 42 99.5 | 10.5 218.8 | 23.0 80 | 278.5 | 29.3 
41; 40.8] 43 100. 4 | 10.6 219.8 | 23.1 7 281 | 279.5 | 29.4 
42/} 41.8| 44 101.4 | 10.7 220. 8 | 23.2 280. 5 | 29.5 
43 |} 42.8] 45 102. 4 | 10.8 221.8 | 23.3 281. 4 | 29.6 
44| 48.8] 4.6 103. 4 | 10.9 222.8 | 23.4 282. 4 | 29.7 
45 | 44.8! 4.7 104.4 | 11.0 223. 8 | 23.5 283. 4 | 29.8 
46| 45.7! 48 105. 4 | 11.1 224.8 | 23.6 284. 4 | 29.9 
47} 46.7] A9 106. 4 | 11.2 225. 8 | 23.7 285. 4 | 30.0 
48} 47.71 65.0 107.4 | 11.3 226. 8 | 23.8 286. 4 | 30.1 
49} 48.71] 65.1 108.4 | 11.4 227.7 | 23.9 287.4 | 30.2 
50 | 49.7 | 5.2 109. 4 | 11.5 228.7 | 24.0 288. 4 | 30.3 
ol 00. 7 5.3 110.4 | 11.6 229.7 | 24.1 289. 4 | 30.4 
62 | 51.7] 5.4 111.4 | 11.7 230.7 | 24.8 290. 4 | 30.5 
63 | 52.7] 6.5 112.4 | 11.8 231.7 | 24.4 291. 4 | 30.6 
54/ 53.7] 5.6 113. 4 | 11.9 232.7 | 24.5 292.4 | 30.7 
55 54.7 5. 7 114 4 | 12.0 233.7 | 24.6 298.4 | 30.8 
56 5d. 7 5. 9 115.4 | 12.1 234. 7 | 24.7 294. 4 | 30.9 
57 | 567] 60 116.4 | 12.2 235. 7 | 24.8 295. 4 | 31.0 
58 |} 57.7] 61 117.4 | 12.3 236. 7 | 24.9 296.4 | 32.1 
59 | 58.71 6.2 118. 3 237.7 | 25.0 297.4 | 313 
60 | 59.7] 6.3 119. 3 238.7 | 25.1 | 300 | 298.4 | 8L.4 
Dist Dep. Dep. Lat. } Dist.| Dep. Lat. 


In Plane Salling. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. rn 


For converting Dep.into Diff. Long. and Diff. Long. into ; 
In Mercator Salling. ae 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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For multiplication of numbers by sines and by cosines, or 


solution of plane right-angled 
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See page 17, Part II. 
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Dist.| Lat. 
1 1.0 
2 2.0 
3 3.0 
4 4.0 
5 5.0 
6 6.0 
7 6.9 
8 7.9 
9 8.9 
10 9.9 
11; 10.9 
12; 11.9 
13} 12.9 
14} 13.9 
15} 14.9 
16} 15.9 
17} 16.9 
18 | 17.9 
19} 18.9 
20 | 19.9 
21 20. 8 
22 {| 21.8 
23 | 22.8 
24] 23.8 
25 | 24.8 
26] 25.8 
27 | 26.8 
28 | 27.8 
29 | 28.8 
30 | 29.8 
31) 30.8 
82] 31.8 
83 | 32.8 
34} 33.7 
35 | 34.7 
36 | 35.7 
37 | 36.7 
38 | 37.7 
89 | 38.7 
40} 39.7 
41 40.7 
42; 41.7 
43 | 42.7 
44] 43.7 
45 | 44.7 
46 | 45.7 
471 46.6 
48 | 47.6 
49 | 48.6 
50} 49.6 
.61] 50.6 
52] 51.6 
53] 52.6 
54] 53.6 
55 | 54.6 
56 | 55.6 
57 | 56.6 
58 | 57.6 
59 | 58.6 
60 | 59.6 

Dist.| Dep. 


TABLE 3. 


Difference of Latitude and Departure for 7° (178°, 187°, 358°). 
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101 | 1 19.6 
02 | 101 19.7 
03 | 102 19. 9 
04 | 103.2 20. 0 
05 | 104.2 20. 1 
06 | 105. 2 20. 2 
07 | 106.2 20. 4 
08 | 107.2 20. 5 
09 | 108.2 | 13. 20. 6 
10 | 109.2 | 13. 20. 7 
111 | 110.2 | 13. 20.8 
12 | 111.2 | 18. 21.0 
13 | 112.2 | 13. 21.1 
14 | 113.2 | 13. 21.2 
15 | 114.1 | 14. 21.3 
16 | 115.1 | 14. 21.4 
17 | 116.1 | 14. 21.6 
18 | 117.1 | 14. 21.7 
19 | 118.1 ‘ 21.8 
. 20 | 119.1 21.9 
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t | Dist. | Dep. Lat. | Dist.| Dep. Lat. { Dist. 
83° (97°, 263°, 277°). 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middie Latitude Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 

In Mercator Salling. 

For multiplication of numbers by sines and by cosines, or 
solution of plane righ.t-angled trianglcs. 
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TABLE 38. [Page 31 
Difference of Latitude and Departure for 7° (173°, 187°, 358°). 


F 
B 
; 
b 
; 
& 
; 
s 
; 
5 


298. 7 | 36.7 | 361 | 358.3 | 44.0 ff 421 | 417.9 | 51.3 | 481 | 477.4 | 58.6 | 541 | 537.0 | 65.9 
299.7 | 35.8 | 62 | 359.3 | 441] 22 | 418.9} 5.4] 82 | 478.4] 58.7 538.0 | 66.1 
300.7 | 36.97 63 | 360.3 | 4429 23 | 419.8] 51.6] 83 | 479.4 | 58.9 539.0 | 66.2 
301.7 | 37.0] 64 | 361.3 | 444] 24) 420.8] 51.7] 84 | 480.4] 59.0 539. 9 | 66.3 
302.7 | 37.2 | 635 | 362.3 | 445] 25 | 421.8] 51.8] 85 | 481.4] 59.1 540. 9 | 66. 4 
303.7 | 37.3] 66 | 363.3 | 448] 26 8 | 51.9] 86 | 482.4 | 59.2 541.9 | 66.5 
304.7 | 37.4] 67 | 3643 | 4479 27 | 423.8] 52.0] 87 | 483.4] 59.4 542.9 | 66.7 
305.7 | 37.5] 68 | 365.3 | 44.8] 28 | 4248] 52.27 88 | 484.4] 59.5 543.9 | 66.8 
306.7 | 37.7] 69 | 366.2 | 45.0] 29 | 425.8] 52.3] 89 | 485.41) 59.6 544.9 | 66.9 
307.7 | 37.8} 70 | 367.2] 45 1] 30 | 426.8] 52.4] 90) 486.3 | 59.7 545.9 | 67.0 
308. 7 | 37.9 | 371 | 368.2 | 45. 2 § 431 | 427.8 | 52.5 | 491 | 487.3 | 59.8 546. 9 
309.7 | 38.0] 72 | 369.2 | 45.3 — 32 | 428.8 | 52.6] 92 488.3 | 60.0 547.9 
310.7 | 38.15 73 | 370.2 | 459.5 — 33 | 429.8 | 52.8] 93) 489.3 | 60.1 548. 9 
311.7 | 38.3] 74) 3712 | 45.6] 34] 430.8 | 52.9] 94 | 490.3 | 60.2 549. 9 
312.7 | 38.4] 75 | 372.2 | 45.79% 35 | 431.8 | 53.0] 95 | 4913} 60.3 550. 9 
313.6 | 38.5] 76 | 373.2 | 45.8] 36 | 432.8 | 53.1] 96 | 492.3 | 60.4 551. 9 
3146 | 38.6] 77 | 3742 | 45.9 § 37 | 433.7 | 53.3] 97 | 493.3 | 60.6 552. 8 
315.6 | 38.8] 78 | 375.2 | 461] 38 | 4347] 53.47 98 | 4943) 60.7 553. 8 
$16.6 | 38.9] 79 | 376.2 | 46.2] 39 | 435.7 | 53.5 99 | 495.3 | 60.8 554. 8 
817.6 | 39.0} 80 | 377.2 | 46.3 — 40 | 436.7 | 53.6 | 500 | 496.3 | 60.9 555. 8 : 
318.6 | 39.1 } 381 | 378.2 | 46.4 | 441 | 437.7 | 53.7 7 501 | 497.3 | 61.1 506. 8 | 68. 4 
319.6 | 39.2] 82 | 379.2 | 46.6] 42 | 438.7 | 53.9] 02 | 498.3] 612 557. 8 | 68. 5 
320.6 | 39.4} 83 | 380.1] 467] 43 | 439.7] 540] 03 | 499.3 | 61.3 558. 8 | 68. 6 
$21.6 | 39.57 84/ 381.1] 468] 44 | 440.7| 541] 047) 500.2/ 614 559. 8 | 68.7 
$22.6 | 39.6} 85 | 382.1] 46.99 45 | 441.7 | 542] 05} 501.2 | 615 560. 8 | 68.9 
323.6 | 39.7] 86 | 383.1] 47.0] 46 | 442.7 | 5449 08 | 502.2) 61.7 561.8 | 69.0 
324.6 | 39.8] 87 | 384.1 | 47.2] 47 | 443.7 | 5459 07 | 503.2] 618 562.8 | 69.1 
325.6 | 40.0] 88 | 385.1 | 47.3] 48 | 444.7] 5467 08 | 504.2 | 619 563. 8 | 69. 2 
326.5 | 40.1] 89 | 386.1 | 47.4] 49 | 445.7 | 5477 09 | 505.2 | 62.0 564.8 | 69.3 
327.5 | 40.2} 90 | 387.1 | 47.5] 50} 446.6 | 54.8] 10 | 506.2 | 62.2 565. 8 | 69.5 
328. 5 | 40.3 | 391 | 388.1 | 47.7 | 451 | 447.6 | 55.0] 511 | 507. 2 | 62.3 566. 7 
329.5 | 40.5 | 92 | 389.1 | 47.8] 52 | 448.6 | 55.1] 12 | 508.21] 62.4 567. 7 
$30.5 | 40.67 93 | 390.1 | 47.9] 53 | 449.6 | 55.2] 13 | 509.2) 62.5 568. 7 
331.5 | 40.7} 94) 391.1 | 48.0] 54 | 450.6] 55.3] 14] 510.2 | 62.6 569. 7 
332.5 | 40.8] 95 | 392.1] 48 1] 55 | 451.6 | 55.5] 15 | 511.2 | 62.8 570. 7 
333.5 | 40.9] 96 | 393.0 | 48.3] 56 | 452.6 | 55.67 16 | 512.2 | 62.9 571.7 
3345 |4L 1] 97 | 3940] 48.4] 57 | 453.6 | 55.7] 17 | 513.1 | 63.0 572.7 
335.5 | 41.27 98 | 395.0) 48.5] 58 | 454.6) 55.87 18] 5141) 63.1 573. 7 
336.5 | 4.3 — 99 | 396.0 | 48.6) 59) 455.6 | 55.9 19 | 515.1] 63.3 5747 
337.5 } 41.4 | 400 | 397.0 | 48.7] 60 | 456.6 | 56.17 20] 516.1) 63.4 575. 7 
338. 5 | 41.6 | 401 | 398.0 | 48.9 § 461 | 457.6 | 56.2 | 521 | 517.1 | 63.5 576. 7 
339.5 | 41.7] 02 | 399.0 | 49.0] 62 | 458.6] 56.3] 22 | 518.1 | 63.6 577.7 
340.4} 41.8] 03 | 400.0 | 49.1] 63 | 459.5 | 56.47 23 | 519.1 | 63.7 578. 7 
341.4 | 41.9] 04} 401.0] 49.2] 64) 460.5] 56.5] 24 | 520.1 | 63.9 579. 6 
342.4 | 42.0] 05 | 402.0 | 49.4] 65 | 461.5 | 56.7] 25) 521.1 | 640 580. 6 
343.4 | 42.2] 06 | 403.0] 49.5] 66 | 462.5] 56.8] 26 | 522.1 | 641 581. 6 
344.4 | 42.3] 07 | 4040] 49.6] 67 | 463.5] 56.99 27 | 523.1 | 642 582. 6 
345.4 | 42.4] 08 | 405.0 | 49.7] 68 | 4645] 57.0] 28 | 5241 | 643 583. 6 
346.4 | 42.5] 09 | 406.0 | 49.8] 69 | 465.5] 57.2] 29 | 526.1 | 645 584. 6 
847.4 | 42.7 — 10 406.9 | 50.0] 70 | 466.5 | 57.3] 30] 526.0 | 646 585. 6 
348. 4 | 42.8 § 411 | 407.9 | 50.1 § 471 | 467.5 | 57.4 § 531 | 527.0} 64.7 586. 6 
349. 4 | 42.9] 12 | 408.9 | 50.2] 72 | 468.5) 57.59 32 | 528.0) 648 587. 6 
350. 4 | 43.07 13 | 409.9 | 50.3] 73 | 469.5 | 57.6] 33 | 529.0 | 65.0 588. 6 
351.4 | 43.1] 14 | 410.9 | 50.5] 74 | 470.5 | 57.8] 34 | 530.0] 65.1 589. 6 
352.4 | 43.3 — 15 | 411.9 | 50.6] 75 | 471.5} 57.9] 35 | 531.0] 65.2 590. 6 

56 | 853.3 | 43.47 16 | 412.9 | 50.7] 76 | 472.5 | 58.09 36 | 532.0] 65.3 591. 6 

57 | 354.3 | 43.5] 17 | 413.9 | 50.8] 77 | 473.4 | 58.1 37 | 533.0] 65.4 592. 6 

58 | 355.3 | 43.6 7 18 | 4149 | 50.99 78] 474.4] 58.3§— 38 | 5340] 65.6 593. 5 

59 | 356.3 | 43.7] 19 | 415.9 | 5.1] 79 | 475.4] 58.4] 39 | 535.0] 65.7 594. 5 

60 | 357.3 | 43.9] 20] 416.9) 512] 80 | 476.4) 58.5] 40] 536.0] 65.8 595. 5 


In Plane Satiing. 


For converting Dep. into Dif’. Long.and Diff. Long. into Dep. 
In Middle Latitude Soi g o oy 
For converting Dep.into Diff. Long. and Diff. Long.into Dep. 
In Mercator ailing. a o om 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles: 
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Difference of Latitude and Departure for 9° (171°, 189°, 851°). 
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TABLE 3. 


Difference of Latitude and Departure for 9° (171°, 189°, 351°). 


: 361 | 356.6 | 56.5 | 421 | 415.8 : 

E 62 | 357.5 | 56.6 | 22 | 416.8 : 

. 63 | 358.5 | 56.8 | 23 | 417.8 : 

A 64 | 359.5 | 56.9] 24 | 418.8 ; 
47.74 65 | 360.5 | 57.1 | 25 | 419.8 : 
47.9} 66 | 361.5 | 57.3] 26 | 420.8 ; 
48.0] 67 | 362.5 | 57.4] 27 | 421.7 | 66. 
48.2% 68 | 363.5 | 57.6] 28 | 422.7 | 67. 
48.3] 69 | 364.5 | 57.7 | 29 | 423.7 | 67. 
48.57 70 | 365.4 | 57.9 { 30 | 424.7 | 67. 
48.7 | 371 | 366.4 | 58.0 ¢ 431 | 425.7 | 67. 
48.8 | 72 | 367.4 | 58.2] 32 | 426.7 | 67. 
49.01 73 | 368.4 | 58.4] 33 | 427.7 | 67. 
49.1] 74 | 369.4 | 58.5] 34 | 428.7 | 67. 
49.3} 75 | 370.4 | 58.7] 35 | 429.6 | 68. 
49.4] 76 | 371.4 | 58.8] 36 | 430.6 | 68. 
49.6] 77 | 372.4 | 59.0] 37 | 431.6 | 68. 
49.7] 78) 373.3 | 59.1 | 38 | 432.6 | 68. 
49.9] 79 | 374.3 | 59.3 | 39 | 433.6 | 68. 
50.1] 80 | 375.3 | 59.4] 40 | 434.6 | 68. 
50.2 | 381 | 376.3 | 59.6 | 441 | 435.6 | 69. 
50.4 | 82 | 377.3 | 59.8] 42 | 436.6 | 69. 
50.5] 83 | 378.3 | 59.9] 43 | 437.5 | 69. 
50.7 | 84 | 379.3 | 60.1] 44 | 438.5 | 69. 
50.8 — 85 | 380.3 | 60.2] 45 | 439.5 | 69. 
51.0] 86 | 381.2 | 60.4% 46 | 440.5 | 69. 
61.2 | 87 | 382.2 | 60.5 | 47 | 441.5 | 69. 
51.3 | 88 | 383.2 | 60.7 | 48 | 442.5 | 70. 
51.5] 89 | 384.2 | 60.9 } 49 | 443.5 | 70. 
51.6} 90 | 385.2 | 61.0] 50 | 444.5 | 70. 
51.8 | 391 | 386.2 | 61.2 | 451 | 445.4 | 70. 
51.9 | 92 | 387.2 | 61.3] 52 | 446.4 | 70. 
52.1] 93 | 388.2 | 61.5] 53 | 447.4 | 70. 
52.2 f 94] 389.1 | 61.6 [ 54 | 448.4 | 71. 
52.4] 95) 390.1 | 61.8] 55 | 449.4 | 71. 
52.6 | 96 | 3$1.1 | 61.9 | 56 | 450.4 | 71. 
52.7 1 97 | 392.1 | 62.1 | 57 | 451.4 | 71. 
52.9 | 98 | 393.1 | 62.3] 58 | 452.4 | 71. 
53.0] 99 | 394.1 | 62.4] 59 | 453.3 | 71. 
53.2 | 400 | 395.1 | 62.6] 60 | 454.3 | 72. 
53.3 | 401 | 396.1 | 62.7 | 461 | 455.3 | 72. 
53.5 | 02 | 397.1 | 62.9] 62 | 456.3 | 72. 
53.7] 03 | 398.0 |°63.0 | 63 | 457.3 | 72. 
53.8 | 04 | 399.0 | 63.2] 64 | 458.3 | 72. 
54.07 05 | 400.0 | 63.4] 65 | 459.3 | 72. 
54.1] 06 | 401.0 | 63.5] 66 | 460.3 | 72. 
54.3 ] 07 | 402.0 | 63.7] 67 | 461.3 | 73. 
54.47 08 | 403.0 | 63.8] 68 | 462.2 | 73. 
54.67 09 | 404.0 | 64.0] 69 | 463.2 | 73. 
54.8} 10] 405.0 | 64.1 ] 70 | 464.2 | 73. 
54.9 | 411 | 405.9 | 64.3 7 471 | 465.2 | 73. 
55.1] 12 | 406.9 | 64.5] 72 | 466.2 | 73. 
55.2 | 13 |] 407.9 | 64.6] 73 | 467.2 | 74. 
55.4 |] 14 | 408.9 | 64.8] 74 | 468.2 | 74. 
55.5 | 15 | 409.9 | 64.9] 75 | 469.2 | 74. 
65.7 | 16 | 410.9 | 65.1] 76 | 470.1 | 74. 
55.8 | 17 | 411.9 | 65.2 | 77 | 471.1 | 74. 
56.0 }] 18 | 412.9 | 65.4] 78 | 472.1 | 74. 
56.27 19 | 413.8 | 65.5 | 79 | 473.1 | 74. 
56.3 | 20 | 414.8 | 65.7] 80 | 474.1 | 75. 

Dist Dep. Lat 


In Plane Salling. 


Forconverting Dep.into Dif. Long. and Diff. Long. into Dep. 
ln Middle Latitude Sailing. — 


For converting Dep. into Dif’. Long. and Diff. Long. into Dep. 
In Mercator Salling. od e 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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In Mercator 


For multiplication of numbers by sines and by cosines, or 
es. 


solution of plane right-angled 


TABLE 3. 


Difference of Latitude and Departure for 10° (170°, 190°, 350°). 


Dist. | Lat. Dep. } Dist.| Lat. Dep. } Dist Lat Dep. Dep. 
855.5 421 | 414.6 83.5 632.8 | 93.9 
356.5 22 | 415.6 83.7 533.8 | 94.1 
357.5 23 | 416.6 §3.9 534.8] 94.3 
358.5 24 | 417.6 84.0 535.7 94.5 
359.5 .25 | 418.5 84.2 636.7 | 94.6 
860.4 26 | 419.5 84.4 537.7 | 94.8 
361.4 27 | 420.5 84.6 538.7 | 95.0 
362.4 28 | 421.5 84.7 539.7 | 95.2 
363.4 29 | 422.5 84.9 540.7 95.3 
364.4 30 | 423.5 85.1 541.6} 95.5 

365.4 431 | 424.6 85.3 542.6 95.7 

366.4 82 | 425.4 85.4 543.61 95.9 
367.3 33 | 426.4 85.6 544.6} 96.0 
868.3 84 | 427.4 85.8 545.61] 96.2 
869.3 35 | 428.4 86.0 546.6 | 96.4 
370.3 36 | 429.4 86.1 547.6 | 96.5 
371.8 87 | 430.4 86.3 548.5 | 96.7 

372.3 38 | 431.3 86.5 549.5 | 96.9 

373.2 89 | 432.3 86.7 550.5 | 97.1 
374.2 40 | 433.3 86.8 551.5 97.2 
; 375.2 441 | 434.3 87.0 552.5 | 97.4 
. 876.2 42 | 435.3 87.2 553.5 | 97.6 
- 377.2 43 | 436.3 87.3 554.4 | 97.8 
. 378.2 44 | 437.8 87.5 555.4 | 97.9 

i 379.2 45 | 438.2 3 87.7 556.4] 98.1 
: $80.1 46 | 439.2 : 87.9 657.4] 98.3 
: 381.1 47 | 440.2 : 88.0 558.4] 98.5 
Z 382.1 48 | 441.2 .3 | 88.2 559.4] 98.6 
: 883.1 49 | 442.2 501.3 | 88.4 560. 4 98.8 
. 884.1 50 | 443.2 502.38 | 88.6 561.3 | 99.0 
326.0 385.1 451 | 444.1 503.2 | 88.7 562.3 99.2 
$27.0 886.0 52 | 445.1 504.2 | 88.9 ‘ 99.3 
827.9 887.0 53 | 446.1 505.2 | 89.1 99.5 
328.9 888.0 54 | 447.1 506.2 | 89.8 99.7 
329.9 889.0 55 | 448.1 507.2 | 89.4 99.8 
830.9 390.0 56 | 449.1 508.2 | 89.6 100.0 
831.9 891.0 57 | 450.1 609.1 | 89.8 100.2 
332.9 392.0 58 | 451.0 510.1 | 89.9 100.4 
833.9 392.9 59 | 452.0 511.1 | 90.1 100.5 
334.8 893.9 60 | 453.0 512.1 | 90.3 100.7 
335.8 : 394.9 461 | 454.0 513.1 | 90.5 100.9 
836.8 : $95.9 62 | 455.0 514.1 | 90.6 101.1 
837.8 : 396.9 63 | 456.0 515.1 | 90.8 101.2 
338.8 : 397.9 64 | 457.0 516.0 | 91.0 101.4 
839.8 ; 398.9 65 | 457.9 517.0 | 91.2 101.6 
340.7 : 399.8 66 | 458.9 518.0 | 91.3 101.8 
341.7 : 400.8 67 | 459.9 519.0 | 91.5 101.9 
342.7 : 401.8 68 | 460.9 520.0 | 91.7 102.1 
343.7 A 402.8 69 | 461.9 521.0 | 91.9 102.3 
844.7 , 403.8 70 | 462.9 521.9 | 92.0 102.5 
345.7 | 61. 404.8 471 | 463.8 522.9 | 92.2 102.6 
3846.7 | 61. 405. 7 72 | 464.8 523.9 | 92.4 102.8 
347.6 | 61. 406.7 73 | 465.8 524.9 | 92.6 103.0 
; 6l. 407.7 74 | 466.8 525.9 | 92.7 103.1 
61. 408.7 75 | 467.8 526.9 | 92.9 103.3 
61. 409.7 76 | 468.8 527.9 | 93.1 103.5 

62. 410.7 77 | 469.8 528.8 | 93.2 103. 7 
2. 411.6 78 | 470.7 529.8 | 93.4 103.8 
: 412.6 79 | 471.7 530.8 | 93.6 104:0 
413.6 : 80 | 472.7 ; 531.8 | 93.8 104.2 

} Lat. | Dist. Dep. | Lat. | Dist.| Dep. | Lat. | Dist.| Dep. | Lat. Lat. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Salling. 


For converting Dep. into Dif’. Long. and Diff. Long. into Dep. 
In Mereator Bailing. e = 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled scinrighes: 
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In Mercato 


plication ot numbers by sines and by cosines, or 
es. 


solution of plane right-angled tr 
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TABLE 3. 


Difference of Latitude and Departure for 11° (189°, 191°, 349°). 


Dep. | Dist. | Lat. 


354.4 | 68.9 | 421 ; 413.3 


82.1 


82. 2 

82. 4 

82.6 

82.8 
368.1 | 71.6 83. 0 
369. 1 | 71.7 83. 2 
370.1 | 71.9 83. 4 
371.1 | 72.1 83. 6 
372.0 | 72.3 83. 8 
373.0 | 72.5 84. 0 
374.0 | 72.7 84.1 
375.0 | 72.9 84.3 
376.0 | 73.1 84. 5 
376.9 | 73.3 84.7 
377.9 | 73.5 84.9 
878.9 | 73.7 85. 1 
379.9 | 73.8 85.3 
380.8 | 74.0 85. 5 
381.9 | 74.2 85. 7 
382.8 | 74.4 85. 9 
383.8 | 74.6 86.1 
384.8 | 74.8 86. 2 
385. 8 | 75.0 86. 4 
386.8 | 75.2 86. 6 
387.7 | 75.4 ; 
388.7 | 75.6 
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In Plane Sailing. : 


For converting Dep.into Diff. Long. and Diff. Long.into Dep. 
In Middle Latitude Sailing. i: Long : 


For converting Dep. into Dif. Long. and Diff. Long. into Dep. 
In Mercator Salling. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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Lat. Dep. 
531.1 | 103. 2 
532.0 | 103. 4 
533.0 | 103. 6 
534.0 | 103.8 
535.0 | 104.0 
536.0 | 104. 2 
537.0 | 104. 4 
537.9 | 104.6 
538.9 | 104.8 
539.9 | 104.9 
540.9 | 105.1 
541.9 | 105.3 
542.8 | 105.5 
543.8 | 105.7 
544.8 | 105.9 
545.8 | 106.1 
546.8 | 106.3 
547.7 | 106.5 
548.7 | 106.7 
549.7 | 106. 9 
550. 7 | 107.0 
551.7 | 107.2 
552. 7 | 107.4 
558. 6 | 107.6 
554.6 | 107.8 
555. 6 | 108.0 
556. 6 | 108.2 
557.6 | 108. 4 
558. 5 | 108. 6 
559. 5 | 108.8 
560. 5 | 109.0 
561.5 | 109.1 
562. 5 | 109.3 
563.5 | 109.5 
564.4 | 109. 7 
565. 4 | 109.9 
566.4 | 110.1 
567.4 | 110.3 
568. 4 | 110.5 
569.3 | 110.7 
570.3 | 110.9 
571.3 | 111.1 
572.3 | 111.2 
573.3 | 111.4 
574.3 | 111.6 
576.2 | 111.8 
576.2 | 112.1 
577.2 | 112.3 
578. 2 | 112.4 
579. 2 | 112.6 
580.1 | 112.8 
581.1 | 113.0 
582.1 | 113. 2 
583.1 | 113.3 
584.1 | 113.5 
585. 0 | 113. 7 
586.9 | 113.9 
587.0 | 114.1 
588.0 | 114.3 
589.0 | 114.5 
Dep Lat. 
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For ponyer ing. é 
In Mercator 


solution of plane right-angied triangles. 


For multiplication of numbers by sines and by cosines, or 


TABLE 3. 


Difference of Latitude and Departure for 12° (168°, 192°, 348°). 


525.3 {111.6 | 97 | 584.0 | 124.1 
526.2 {111.9 | 98 | 584.9 | 124.8 
527.2 {112.1 | 99 | 585.9 | 124.5 
528.2 |112.3 | 600 | 586.9 | 124.7 


Dist. | Lat. Dep. | Dist.| Lat. Dist. Dep. | Dist.| Lat. Dep. 
301 | 294.4 , 75.0 | 421 | 411.8 | 87.5 | 481 .5 {100.0 | 541 | 529.2 | 112.5 
02 | 295.4 854.1 | 75.2 | 22 | 412.8 | 87.7 82 5 [100.2 | 42 | 530.2 | 112.7 
08 | 296.4 855.1 | 75.4 | 23 | 418.8 | 87.9] 88 -4 1100.4 | .43 | 531.1 | 112.9 
04 | 297.4 .0| 75.7] 241 414.7 | 88.1] 84 -4 1100.6 | 44 | 5832.1 | 113.1 
05 | 298.3 .0O;} 75.9] 251} 415.7 | 88.8] 85 -4 1100.8 | 45 | 533.1 | 113.8 
06 | 299.3 308.0 | 76.1 | 26 | 416.7 | 88.6] 86 -4/101.0] 46 | 584.1 | 113.5 
07 | 300.3 359.0 | 76.8 | 27 | 417.7 | 88.8] 87 -4 101.8 | 47 | 535.0 | 113.7 
08 } 301.3 360.0 | 76.5] 28 | 418.6 | 89.0] 88 .8 |101.5 | 48 | 586.0] 113.9 
09 | 302.2 360.9 | 76.7 | 29 | 419.6 | 89.2] 89 } 478.3 |101.7 49 | 587.0] 114.1 
10 | 303.2 361.9 | 76.91 30 | 420.6 | 89.4 90 | 479.3 |101.9 7 50] 538.0] 114.4 
11 | 304.2 362.9 | 77.1 | 431 | 421.6 | 89.6 } 491 102.1 § 551 | 539.0 | 114.6 
12 | 305.2 363.9 | 77.38 | 82 | 422.6 | 89.84 92 102.8 ] 52 | 589.9 | 114.8 
13 | 306.2 364.8 | 77.6] 33 | 423.5 | 90.0] 93 102.5 | 53 | 540.9 | 115.0 
807.1 -8| 77.8] 84 | 424.5 | 90.2] 94 102.7 54 | 541.9 | 115.2 
808.1 78.0} 85 | 425.5 | 90.4] 95 102.9} 55 | 542.9 | 115.4 
309.1 78.2] 386] 426.5 | 90.61 96 108.1 56 | 548.9 | 115.6 
5 78.4] 37 | 427.5 | 90.9 § 97 108.3 57 | 544.8 | 115.8 
F 78.6] 88 | 428.4] 91.1 98 108.5 | 58 | 545.8 | 116.0 
78.8 | 39 | 429.4 {| 91.3] 99 103.7 | 659} 546.8 | 116.2 
79.0] 40] 430.4 | 91.5 | 500 104.04 60] 547.8 | 116.4 
79.2 | 441 | 431.4 | 91.7 | 501 104.2 | 561 | 548.7 | 116.6 
79.4} 42 | 482.3 | 91.9] 02 104.4] 62 | 549.7 | 116.8 
79.6} 48 | 433.8 | 92.149 08 104.6 | 68 | 550.7 | 117.1 
79.8] 44 | 434.8 | 92.3] 04 104.8 64 | 561.7 | 117.3 
80.0] 45 | 435.3 | 92.5 7 05 105.0 | 65 | 552.7 | 117.5 
80.8 | 46 | 436.3 | 92.77 06 105.2 | 66 | 553.6 | 117.7 
80.5 | 47 | 437.2 | 92.91% 07 105. 4 67 | 554.6 | 117.9 
80.7] 48 | 438.2 | 98.1] 08 105.6 | 68 | 555.6 | 118.1 
80.9 | 49 | 439.2 | 98.4] 09 105. 8 69 | 556.6 | 118.3 
81.1] 50 > 440.2 | 93.67 10 106.0 | 70 | 557.5 | 118.5 
81.3 | 451 | 441.1 | 93.8 | 511 106.2 | 571 | 558.5 | 118.7 
81.5} 52 | 442.1 | 94.04 12 106.5 72 | 559.5 | 118.9 
81.7] 53 | 443.1 | 94.29 13 106.7 | 73 | 560.5 | 119.1 
81.9] 54 | 444.1 | 94.4 14 106.9 | 74 | 561.5 | 119.3 
82.1 55 | 445.1 | 94.67 15 107.1 75 | 562.4 | 119.5 
82.81 56 | 446.0 | 94.8] 16 107.8 76 | 668.4 | 119.8 
82.5] 57 | 447.0 | 95.0] 17 107.5 77 | 564.4 | 120.0 
82.71 58 | 448.0 | 95.24 18 107.7 78 | 565.4 | 120.2 
83.04 59 | 449.0 | 95.4] 19 107.9 79 | 566.3 | 120.4 
83.2 1 60 | 449.9 | 95.6 §— 20 108.1 | 80 | 567.3 | 120.6 
83.4 1 461 | 450.9 | 95.8 | 521 .6 |108.3 | 581 | 568.3 | 120.8 
83.6 f 62 | 451.9 | 96.1 22 | 610.6 {108.5 | 82 | 569.3 | 121.0 
83.8 | 68 | 452.9 |'96.8 28 | 611.6 {108.7 83 | 670.8 | 121.2 
84.0] 64 | 453.9 | 96.5 | 24 | 512.5 |108.9 | 84 | 571.2 | 121.4 
84.2] 65 | 454.8 | 96.7 | 25 | 513.5 |109.2 85 | 572.2 | 121.8 
84.41 66 | 455.8 | 96.97% 26 | 514.5 |109.4 7 86 | 573.2 | 121.8 
84.6] 67 | 456.8 | 97.1 | 27 | 515.5 }109.6 87 | 574.2 | 122.0 
84.8] 68 | 457.8 | 97.8] 28 | 516.5 |109.8 | 88 | 575.2 | 122.8 
85.07 69 | 458.8 | 97.5] 29 | 517.4 1110.07 89 | 576.1 | 122.5 
85. 2 70 | 459.7 | 97.77 80 | 518.4 {110.2 90 | 577.1 | 122.7 
85. 5 | 471 | 460.7 | 97.9 | 531 | 519.4 [110.4 | 591 | 578.1 | 122.9 
85.7 72 | 461.7 | 98.1 32 | 520.4 1110.6 | 92 | 579.1 | 123.1 
85.9 73 | 462.7 | 98.38 1] 383 | 521.4 /110.8 | 98 | 580.0} 123.3 
86.1 74 | 463.6 | 98.6] 34 .8 1111.0] 94 | 581.0 | 123.5 
86.38 75 | 464.6 | 98.8 | 35 | 523.3 /111.2 95 | 582.0 | 123.7 
86.5] 76 | 465.6 | 99.0] 36 | 524.3 /111.4]7 96 | 583.0 | 123.9 
86.7 
86.9 
87.1 
87.3 
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Dist. | Dep. Lat. | Dist. 
78° (102°, 258°, 282°). 


For converting Dep.into Diff. Long. and Diff. Long.into Dep. 
In Middle Latitude Sailing. o 
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For multiplication of numbers b ——— Eo 
solution of plane right-angled es. - 8 Opp. 
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TABLE 3 
Difference of Latitude and Departure for 13° (167°, 193°, $47°). 
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Dist.| Lat. | Dep. [ Dist.| Lat. 


Dep. | Dist.| Lat. 
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For multiplication of numbers by sines and by cosines, or 


For convertin 
In Mercator 


solution of plane right-apgled triangles 


TABLE 3. 
Difference of Latitude and Departure for 13° (167°, 198°, 347°). 


Dist. | Lat. Dep. | Dist.| Lat. | Dep. | Dist. 
293. 8 ; 468, 7 | 108.2] 541 
294. 3 ; 469.6 | 108.4] 42 
295. 2 : 470.6 |108.7] 43 
296. 2 : 471.6 |108.9} 44 
297.2 ‘ 472.6 |109.1] 465 
298. 2 82. 473.5 }109.31 46 
299. 1 82. 474.5 |109.61 47 
300. 1 82. 475.5 |109.8] 48 
301.1 83. 476.5 |110.0] 49 
302. 1 83. 477.4 1110.27 50 
303. 0 83. 478.4 |110.5] 551 
304. 0 83. 479.4 |110.71 52 
305. 0 83. 480.4 1110.9] 53 
306. 0 84, 481.3 J/1l1L1] 54 
306. 9 84. 482.3 1111.4] 55 
807.9 84. 483.3 |11L 6] 56 
308. 9 84. 484.3 |111.8] 57 
309. 8 85. 485.2 |112.0] 58 
310. 8 85. 486.2 |112.34% 59 
311.8 85. 487.2 1112.51 60 
312. 8 85. : 488.2 | 112. 71 561 
313. 7 85. ; 489.1 |112.91 62 
314. 7 86. ; 490.1 |113.2] 63 
315. 7 86. é 491.1/)113.4] 64 
316. 7 86. ; ; 492.1 1113.6] 65 
317. 6 86. : ; 493.0 1113.8] 66 
318. 6 87. : ; 494.0 |114.1] 67 
319. 6 87. ; : 495.0 |114.3] 68 
320. 6 87. , ; 496.0 |114.51 69 
321.5 87. : ; 496.9 |114.7] 70 
322. 5 451 | 439.4 | 101.57 511 | 497.9 | 115.07 571 
323. 5 52 | 440.4 |101.7] 12 | 498.9 1115.2) 72 
324. 5 53 | 441.4 [101.9] 13 | 499.9 |115.4]7 73 
325. 4 : 54 | 442.4 |102.1]7 14 | 500.8 |115.6] 74 
326. 4 : 55 | 443.3 | 102.47 15 | 501.8 |115.8] 75 
327. 4 é 56 | 444.3 | 102.67 16 | 502.8 }116.1] 76 
328. 4 : 57 | 445.3 | 102.8] 17 | 503.7 |116.3] 77 
329. 3 -5] 58 | 446.3 | 103.07 18 | 504.7 1116.5] 78 
330. 3 .8]7 59 | 447.2 | 103.3] 19 | 505.7 1116.7] 79 
331. 3 .Of 60 | 448.2 |103.5§ 20 | 506.7 |117.0] 80 
332. 3 ; .2 7 461 | 449.2 | 103. 77 521 | 507.6 | 117. 27 58) 
333. 2 : .4]7 62 | 450.2 | 103.9 22 | 508.6 [117.5] 82 
334. 2 ; .7] 63 | 451.1 1)104.27 23 | 509.6 |117.6] 83 
335. 2 : .O9T 64 | 452.1 [104.4% 24 | 610.6 {117.99 84 
336. 2 394.6 | 91.1] 65 | 453.1 |104.67 25 | 611.5 |118.19 85 
337. 1 395.6 | 91.3 | 66 | 454.1 |104.87 26 | 512.5 /118.37 &6 
338. 1 396.6 | 91.6 | 67 | 455.0 1105.18 27 | 513.5 1118.5] 87 
339. 1 397.5 | 91.8 — 68 | 456.0 |} 105.3] 28 | 514.5 /118.8] 88 
340. 1 398.5 | 92.0 1 69 | 457.0 }105.5]7 29 | 515.4 }119.0% 89 
341.0 399.5 | 92.2 | 70 ; 458.0 |105.7]} 30 | 516.4 (119. 2 90 

351 | 342.0 ‘ 400.5 | 92.5 | 471 | 458.9 | 106.0] 531 | 617.4 | 119. 4] 591 

52 | 343.0 j 401.4 | 92.7] 72 | 459.9 |106.2] 32 | 518.4 ]139.7] 92 

53 | 344.0 | 79.4 402.4 | 92.9] 73 | 460.9 1106.4] 33 | 519.3 1119.9] 93 

54 | 344.9 | 79.6 403.4 | 93.1] 74 | 461.9 |} 106.69 34 | 520.3 |120.1] 94 

55 | 345.9 | 79.9 404.4 | 93.4] 75 | 462.8 |}108.97 35 | 521.3 |120.3] 95 

56 | 346.9 | 80.1 405.3 | 93.6] 76 | 463.8 |107.1] 36 | 522.3 |120.6] 96 

57 | 347.9 | 80.3 406.3 | 93.8] 77 | 464.8 |107.3] 37 | 523.2 1120.84 97 

58 | 348.8 | 80.5 407.3 | 94.0] 78 | 465.7 |107.5] 38 | 524.2 |121.0] 98 

59 | 349.8 | 80.8 408.3 | 94.3] 79 | 466.7 |107.8] 39 | 525.2 | 121.247 99 

60 | 350.8 | 8L.0 409.2 | 94.5 | 80 | 467.7 /108.0§ 40 | 526.2 | 121.5] 600 

Dist. | Dep. Dep. | Lat. | Dist.| Dep. | Lat. | Dist.| Dep. | Lat. | Dist. 


For converting Dep. into Dif’. Long. and Diff. Long.into Dep. 
In Middie Latitude Sailing. 


Forcouverting Dep. into Diff. Long. and Diff. Long.into Dep. 
In Mercator Sailing. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angied triangles. 
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TABLE 3. 
Difference of Latitude and Departure for 14° (166°, 194°, 346°). 


Dep. | Dist. 
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. into Diff. Long. and Diff. Long. into Dep. 


For converting De 


In Mercator 


solution of plane right-angled triangles. 


For multiplication of numbers by sines and by cosines, or 


TABLE 3. 


oat a WDep. | dist Dep. | Dist.| Lat. | Dep. | Dist. 
301 \2%1\ 72.8 87.3] 421 | 408.5 |101. 8] 48] 
293 73.1 87.6 409. 6 {102.1} 82 

03 \ 2% 9 \ 73:3 87.8 410.4 |102.3] 83 
299-9 \ 73.5 88.1 411.4 {102.6] 84 

op \ 29-8 | ‘73.8 412.4 |102.8] 85 
29 413.3 |103.1] 86 


414.3 |103.3] 87 
415.3 |103.5] 88 
416.3 |103.8] 89 
417.2 |104.0] 90 


418.2 104.3] 491 | 
419.2 |104.5] 92 
420.1 |104.8] 93 
421.1 |105.0] 94 
422.0 1105.2] 95 
423.0 105.51 96 
424.0 |105.7] 97 
425.0 |106.0] 98 


O0| 00 OO 00 OO O90 


RESSESSSSHSSRLSSSSESSESSSSSEE 


19 | 309.5 | 77.2 426.0 }106.21 99 
20 | 310.5 | 77.4 428 9 1106. 44 500 
321 | 311.5 | 77.7 427.9 |106.7] 501 
22 | 312.4 | 77.9 428.9 1106.9] 02 
23 | 313.4 | 78.1 429.8 1107.2] 03 
24 | 314.4 | 78.4 430.8 |107.4] 04 
25 | 315.3 | 78.6 9 431.8 |107.7] 05 
26 | 316.3 | 78.9 9 432.8 1107.9] 06 
27 | 317.3 | 79.1 9 433.7 |108.1] 07 
28 | 318.3 | 79.4 9 434.7 |108.4] 08 
29 | 319.2 | 79.6 435.7 |108.6} 09 
30 | 320.2 | 79.8 436.6 |108.9] 10 
331 | 321.2 | 80.1 94. 437.6 [109.1] oll 
32 | 322.1 | 80.3 94 438.6 |109.3] 12 
33 | 323.1 | 80.6 95. 439.5 1109.6] 13 
34 | 324.1 | 80.8 95. 440.5 |109.8] 14 
35 | 325.0 | 81.0 95. 441.5 |110.1] 15 
36 | 326.0 | 81.3 95. 442.5 |110.3} 16 
37 | 327.0 | 81.5 96. 443.4 1110.6] 17 
38 | 328.0 | 81.8 96. 444.4 |110.8] 18 
39 | 328.9 | 82.0 96. 445.4 ]111.0] 19 
40 | 329.9 | 82.3 96. 446.3 }111.3] 20 
341 | 330.8 | 82.5 97. 447.3 |111.5] 521 
42 | 331.8 | 82.7 97. 448.3 ]111.8] 22 
43 | 332.8 | 83.0 97. 449.2 |112.0] 23 
44 | 333.8 | 83.2 97.7 450.2 |112.3] 24 
45 | 334.8 | 83.5 98.0 451.2 |112.5] 25 
46 | 335.7 | 83.7 98. 2 452.2 1112.7] 26 
47 | 336.7 | 83.9 98. 5 453.1 |113.0] 27 
48 | 337.7 | 84.2 98.7 454.1 1113.2] 28 
49 | 338.6 | 84.4 98. 9 455.1 |113.5] 29 
5O | 339.6 | 84.7 99.2 456.0 |113.74 30 
351 | 340.6 | 84.9 99.4 457.0 |113. 9] 531 
52 | 341.5 | 85.2 99.7 458.0 |114.2] 32 
53 | 342.5 | 85.4 99. 9 458.9 1114.4] 33 
54 | 343.5 | 85.6 100. 2 459.9 [114.7] 34 
55 | 344.5 | 85.9 100. 4 460.9 }114.9] 35 
56 | 345.4 | 86.1 100. 6 461.9 |115.2] 36 
57 | 346.4 | 86.4 100. 9 462.8 |115.4] 37 
58 | 347.4 | 86.6 101.1 463.8 |115.6] 38 
59 | 348.3 | 86.8 101. 4 464.8 |115.9] 39 
60 | 349.3 | 87.1 101. 6 465.7 |116.1] 40 
Dist. | Dep. | Lat. } Dist.| Dep. | Lat Dep. | Lat. | Dist.| Dep 
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In Middle Latitude Sailiog. a 
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In Mercator Salling. a © 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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Difference of Latitude and Departure for 14° (166°, 194°, 346°). 
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Difference of Latitude and Departure for 15° (165°, 195°, 345°). 
Dist.| Lat. Dep. {| Dist. 


77.9 | 361 
78.2] 62 


78.4] 63 94. 466.5 | 125.0] 43 

78.7] 64 94. 467.5 | 125.3] 44 D. 
78.9] 65 94. 468.5 | 125.5] 45 : 
79.2] 66 94. 469.4 | 125.8] 46 ‘ 
79.5 | 67 95. 470.4 | 126.0] 47 . 
79.7] 68 95. 471.4 |126.3] 48 : 
80.0] 69 95. 472.3 |126.6] 49 , 
80.2 | 70 95. 473.3 | 126.8] 50 : 
80.5 | 371 96. 474.3 | 127.1] 551 | 5. 
80.8 | 72 96. 475.2 [127.3] 62 : 
81.0] 73 96. 476.2 |127.6] 53 | 534. 
81.3] 74 96. 477.2 |127.9] 54 : 
81.5] 75 97. 478.1 }128.1] 55 : 
81.8} 76 97. 479.1 |128.4] 56 ; 
82.0] 77 97. 480.1 | 128.6] 57 : 
82.3] 78 : 481.0 | 128.9) 58 : 
82.6] 79 482.0 | 129.2] 59 | 540. 
82.8 § 80 483.0 | 129.4] 60 : 


RESE|S 


85 487.8 |130.7} 65 | 545. 
86 488.8 | 181.0] 66 | 546. 
87 489.7 |131.2] 67 | 547. 
88 490.7 |131.5] 68 | 548. 
89 491.7 |131.7} 69 | 549. 
90 492.6 | 132.0% 70 | 550. 
391 493.6 | 132.3] 571 
92 494.6 {182.5} 72 
93 495.5 1182.8] 73 
94 496.5 | 133.0] 74 
95 497.5 | 133.3] 75 
96 498.4 | 133.6] 76 
97 499.4 | 133.8] 77 
98 500.3 | 134.1] 78 
99 091.3 | 134.3] 79 
400 002.3 | 134.6] 80 
003.2 | 134. 8f 581 
02 504.2 | 135.1] 82 
03 005. 2 | 135.47 83 
04 506.1 | 135.6] 84 
05 507.1 |135.9] 85 
06 508.1 | 136.1] 86 
07 509. 0 
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For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


TABLE 3. 
Difference of Latitude and Departure for 16° (164°, 196°, 344°). 
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TABLE 3. [Page 49 
Difference of Latitude and Departure for 16° (164°, 196°, 344°). 
Dist. | Lat. Dep. | Dist.| Lat. Dep. { Dist. : Dep. | Dist.| Lat. Dep. | Dist. | Lat. Dep. 


301 | 289.8 | 83.0 | 361 | 347.0 | 99.5] 421 462.4 | 132.6] 541 | 520.0 | 149.1 
02 | 290.3 | 83.2 | 62 | 348.0 | 99.8] 22 463.3 | 132.9] 42 | 521.0 | 149.4 
03 | 291.3 | 83.E | 63 | 348.9 | 100.1] 23 464.3 | 133.1] 43 | 522.0 | 149.7 
04 | 292.2 | 83.8} 64 | 349.9 | 100.3] 24 465.3 {133.4} 44 | 522.9 | 149.9 
05 | 293.2 | 84.1 | 65 | 350.9 | 100.6] 25 466.2 | 133.7] 45 | 523.9 | 150.2 
06 | 294.1 | 84.3] 66 | 351.8 | 100.9] 26 467.2 |134.0] 46 | 524.8 | 150.5 
O07 | 295.1 | 84.6 | 67 | 352.8 {101.2} 27 468.1 | 134.2] 47 | 525.8 | 150.8 
08 | 296.1 | 84.9 | 68 | 353.7 (101.4] 28 469.1 |134.5§ 48 | 526.8 | 151.0 
09 | 297.0 | 85.2 | 69 | 354.7 | 101.7] 29 470.1 |134.8] 49 | 527.7 | 151.3 
10 | 298.0 | 85.4 | 70 | 355.7 | 102.0] 30 471.0 | 135.1] 50 | 528.7 | 151.6 

311 | 299.0 | 85.7 § 371 | 356.6 | 102.3] 431 472.0 | 135.3] 551 | 529.7 | 151.9 
12 | 299.9 | 86.0 | 72 | 357.6 | 102.5] 32 472.9 {135.6 52 | 530.6 | 152.2 
13 | 300.9 | 86.3 | 73 | 358.6 |102.8] 33 473.9 |135.9] 63 | 531.6 | 152.4 
14 | 301.8 | 86.6 | 74 | 359.5 {103.1} 34 474.9 1136.2] 54 | 532.5 | 152.7 
15 | 302.8 | 86.8 | 75 | 360.5 |103.4] 35 475.8 | 136.4 55 | 533.5 | 153.0 
16 | 303.8 | 87.1 | 76 | 361.4 |103.6] 36 476.8 |136.7— 56 | 534.5 | 153.3 
17 | 304.7 | 87.4 | 77 | 362.4 |103.9] 37 477.7 {137.0 57 | 535.4 | 153.5 
18 | 305.7 | 87.7 | 78 | 363.4 | 104.2] 38 478.7 |137.3] 58 | 536.4 | 153.8 
19 | 306.6 | 87.9 | 79 | 364.3 | 104.5] 39 479.7 |137.5] 59 | 537.3 | 154.1 
20 | 307.6 | 88.2 | 80 | 365.3 | 104.7] 40 480.6 {137.8 60 | 538.3 | 154.4 

321 | 308.6 | 88.5 | 381 | 366.2 | 105.0] 441 481.6 | 138.1] 561 | 539.3 | 154.6 
22 | 309.5 | 88.8 § 82 | 367.2 |105.3] 42 482.6 |138.4— 62 | 540.2 | 154.9 
23 | 310.5 | 89.0] 83 | 368.2 | 105.6] 43 483.5 |138.6] 63 | 541.2 | 155.2 
24 | 311.4 | 89.3] 84 | 369.1 |105.8] 44 484.5 |138.9] 64 | 542.2 | 155.5 
25 | 312.4 | 89.6 § 85 | 370.1 [106.1] 45 485.4 } 139.2] 65 | 543.1 | 155.7 
26 | 313.4 | 89.9 | 86 | 371.0 | 106.4] 46 486.4 139.5] 66 | 544.1 | 156.0 
27 | 314.3 | 90.1 } 87 | 372.0 | 106.7] 47 487.4 |139.7§ 67 | 545.0 | 156.3 
28 | 315.3 | 90.4 | 88 | 373.0 |106.9]7 48 488.3 |140.0] 68 | 546.0 | 156.6 
29 | 316.8 | 90.7 | 89 | 373.9 |107.2] 43 489.3 |140.3] 69 | 547.0 | 156.8 
80 | 317.2 | 91.0 | 90 | 374.9 |107.5] 50 490.2 | 140.6 70 | 547.9 | 157.1 

331 | 318.2 | 91.2 | 391 | 375.9 | 107.8] 451 491.2 |140.9] 571 | 548.9 | 157.4 
82 | 319.1 | 91.5 | 92 | 376.8 {108.07 52 492.2 141.1] 72 | 549.8 | 157.7 
$3 | 320.1 | 91.8 | 93 | 377.8 |108.3] 53 493.1 }141.4] 73 | 550.8 | 157.9 
34 | 321.1 | 92.1] 94 | 378.7 [108.6] 54 : 494.1 |141.7] 74 | 551.8 | 158.2 
85 | 322.0 | 92.3 | 95 | 379.7 | 108.9] 55 : 495.0 | 142.0] 75 | 552.7 | 158.5 
86 | 323.0 | 92.6 | 96 | 380.7 | 109.2] 56 : 496.0 |142.2] 76 | 553.7 | 158.8 
87 | 323.9 | 92.9 | 97 | 381.6 [109.4] 57 ‘ 497.0 |}142.5] 77 | 554.6 | 159.0 
38 | 324.9 | 93.2 | 98 | 382.6 {109.7} 58 : 497.9 |142.8] 78 | 555.6 | 159.3 
39 | 325.8 | 93.4 | 99 | 383.5 {110.0} 59 ‘ ‘ 498.9 |143.1] 79 | 556.6 | 159.6 
40 | 326.8 | 93.7 | 400 | 384.5 | 110.3] 60 ; : 499.9 | 143.3] 80 | 557.5 | 159.9 

341 | 327.8 | 94.0 | 401 | 385.5 | 110.5] 461 | 443.1 | 127.1] 521 | 500.8 | 143.6] 581 | 558.5 | 160.1 
42 | 328.8 | 94.3 | 02 | 386.4 |110.8] 62 | 444.1 |127.3] 22 | 501.8 | 143.9] 82 | 559.5 | 160.4 
43 | 329.7 | 94.6 | 03 | 387.4 |111.1] 63 | 445.1 |127.6] 23 | 502.7 | 144.2] 83 | 560.4 | 160.6 
44 | 330.7 | 94.8] 04 | 388.3 |111.4] 64 | 446.0 (127.9] 24 | 503.7 1144.4] 84 | 561.4 | 161.0 
45 | 331.6 | 95.1 | 05 | 389.3 |111.6] 65 | 447.0 [128.2] 25 | 504.7 | 144.7] 85 | 562.3 | 161.2 
46 | 332.6 | 95.4] 06 | 390.3 {111.97 66 | 447.9 [128.4] 26 | 505.6 | 145.0] 86 | 563.3 | 161.5 
47 | 333.6 | 95.6 | 07 | 391.2 |112.27 67 | 448.9 [128.7] 27 | 506.6 {145.3} 87 | 564.3 | 161.8 
48 | 334.5 | 95.9 | 08 | 392.2 |112.5] 68 | 449.9 |129.0] 28 | 507.5 | 145.5] 88 | 565.2 | 162.1 
49 | 335.5 | 96.2 | 09 | 393.2 [112.7] 69 | 450.8 | 129.3] 29 | 508.5 | 145.8] 89 | 566.2 | 162.4 
50 | 336.4 | 96.5 | 10 | 394.1 [113.0] 70 | 451.8 (129.5] 30 | 509.5 | 146.1 90 | 567.1 | 162.6 

351 | 337.4 | 96.7 | 411 | 395.1 |113.3] 471 | 452.8 | 129.8] 531 | 510.4 | 146.4] 591 | 568.1 | 162.9 
52 | 338.4 | 97.0 § 12 | 396.0 [113.6] 72 | 453.7 {130.1 32 | 511.4 |146.6] 92 | 569.1 | 163.2 
53 | 339.3 | 97.3 | 13 | 397.0 {113.8} 73 | 454.7 [130.4 33 | 512.4 1146.9 93 | 570.0 | 163.5 
54 | 340.3 | 97.6 | 14 | 398.0 [114.1] 74 | 455.6 |130.7] 34 | 513.3 [147.2] 94 | 571.0 | 163.7 
65 | 341.2 | 97.9 | 15 | 398.9 |114.4] 75 | 456.6 | 130.9% 35 | 514.3 |147.5] 95 | 572.0 | 164.0 
56 | 342.2 | 98.1 | 16 | 399.9 |114.7] 76 | 457.6 | 131.2] 36 | 515.2 | 147.7] 96 | 572.9 | 164.3 
57 | 343.2 | 98.4 | 17 | 400.8 [114.9] 77 | 458.5 [131.6] 37 | 516.2 | 148.0] 97 | 573.9 | 164.6 
58 | 344.1 | 98.7] 18 | 401.8 {115.2 78 | 459.5 | 131.8] 38 | 517.2 [148.3] 98 | 574.8 | 164.8 
59 | 345.1 | 99.0 | 19 | 402.8 | 115.5] 79 | 460.4 [132.0] 39 | 518.1 | 148.6] 99 | 575.8 | 165.1 
60 | 346.1 | 99.2 | 20 | 403.7 | 115.8] 80 | 461.4 | 132.37 40 | 519.1 [148.8] 600 | 576.8 | 165.4 


Dist. Lat. [ Dist. | Dep. Lat. | Dist.| Dep. Lat. § Dist. | Dep. Lat. | Dist. | Dep. Lat. 
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In Plane Salling. Dist. Lat. Dep. 
For converting Dep. into Dif’. Long. and Diff. Long.into Dep. Diff. 

In Middle Latitude Sailing. Long. | PP: 

For converting Dep.into Dif. Long. and Diff. Long. into Dep. Diff. 
In Mercator Salling. ™ Long. 


N. NxCos. | NXSin. 
F Ines and Sade 
or multiplication of numbers by sines and by cosines, or “Hypote-| > Side Side 


solution of plane right-angled triangles. puse. Adjé Opp. 


TABLE 3 
Difference of Latitude and Departure for 17° 
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into Diff. Long. and Diff. Long. into Dep. 


D 


For convert 
In Mercator 


solution of plane right-angled triangles. 


For multiplication of numbers by sines and by cosines, or 


TABLE 3. [Page 51 


Difference of Latitude and Departure for 17° (163°, 197°, 343°). 


Dist. Dep. | Dist.| Lat. Dep. | Dist.| Lat. 

301 105. 5] 421 | 402.6 | 123.1] 481 
02 105. 8] 22 | 403.6 | 123.4] 82 | 460.9 | 140.9 
03 106. 1 404.5 | 123.7] 83 | 461.9 | 141.2 
04 106. 4 405.5 | 124.0] 84 | 462.9 | 141.5 
05 106. 7 406.4 | 124.3] 85 | 463.8 | 141.8 
06 107.0 407.4 |124.6] 86 | 464.8 | 142.1 
07 107.3 408.3 | 124.8] 87 | 465.7 | 142.4 
08 107. 6 409.3 | 125.1} 88 | 466.7 | 142.7 
09 107. 9 410.3 | 12574} 89 | 467.6 | 143.0 
10 108. 2 411.2 | 125.7] 90 | 468.6 | 143.3 

311 108. 5 412. 2 | 126.0) 491 | 469.5 | 143.6 
12 108. 8 413.1 | 126.3] 92 | 470.5 | 143.8 
13 109. 1 414.1 | 126.6] 93 | 471.5 | 144.1 
14 415.0 | 126.9] 94 | 472.4 | 144.4 
15 416.0 | 127.2] 95 | 473.4 | 144.7 
16 | 3 416.9 | 127.5] 96 | 474.3 | 145.0 
17 | 3 417.9 |127.8] 97 | 475.3 | 145.3 
18 | 3 418.9 |} 128.1] 98 | 476.2 | 145.6 
19 | 305. 419.8 |} 128.47 99 | 477.2 | 145.9 
20 | 306. 420.8 | 128.6] 500 | 478.2 | 146. 2 

321 421.7 | 128.9] 501 | 479.1 | 146.5 
22 422.7 | 129.2 02 | 480.1 | 146.8 
23 423.6 | 129.5] 03 | 481.0 | 147.1 
24 424.6 | 129.8] 04 | 482.0 | 147.4 
29 425.6 |130.1] 05 | 482.9 | 147.6 
26 426.5 | 130.47 06 | 483.9 | 147.9 
27 427.5 | 130.7] 07 | 484. 8 | 148.2 
28 428.4 |131.0] 08 | 485.8 | 148.5 
29 429.4 | 131.3] 09 | 486.8 | 148.8 
30 430.3 | 131.6] 10 | 487.7 | 149.1 

331 431.3 | 131.9] 511 | 488.7 | 149. 4 
32 432.2 |} 132.2] 12 | 489.6 | 149.7 
33 433. 2 |132.4— 13 | 490.6 | 150.0 
34 434.2 }132.7] 14 | 491.5 | 150.3 
35 435.1 | 133.0] 15 | 492.5 | 150. 6 
36 436.1 | 133.3] 16 | 493.5 | 150.9 
37 437.0 | 133.6] 17 | 494.4 | 151.2 
38 438.0 | 133.9] 18 | 495.4 | 151.4 
39 438.9 | 134.2] 19 | 496.3 | 151.7 
40 439.9 | 134.5] 20 | 497.3 | 152.0 

341 440.9 | 134.8] 521 | 498. 2 | 152.3 
42 441.8 | 135.1] 22 | 499.2 | 152.6 
43 442.8 | 135.4] 23 | 500.1 | 152.9 
44 443.7 | 135.7] 24 | 501.1 | 153.2 
45 444.7 136.0] 25 | 502.1 | 153.5 
46 445.6 | 136.2] 26 | 503.0 | 153. 8 
47 446.6 | 136.5] 27 | 504.0 | 154.1 
48 447.6 | 136.8] 28 | 504.9 | 154. 4 
49 448.5 | 137.1] 29 | 505.9 | 154. 7 
50 449.5 | 137.4] 30; 506.8 | 155.0 


In Plane Sailing. 


Forconverting Dep.into Dif’. Long.and Diff. Long.into Dep. 
In Middle Latitude Salling. 


For converting Dep.into Dif. Long. and Diff. Long. into Dep. 
In Mercator Salling. od a era 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled t gies. 


TABLE 3. 
Difference of Latitude and Departure for 18° 
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In Mercator 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


TABLE 3. [Page 53 
Difference of Latitude and Departure for 18° (162°, 198°, 342°). 
Lat. Dep. | Dist. 


Dep. | Dist. | Lat. Dep. 


93.0 343.3 | 111.6] 421 | 400. .5 [148.6] 541 
93.3 344.3 }111.9] 22 | 401. . 4 |148.9] 42 
93.6 345.2 |112.2] 23 | 402. .4 1149.3] 43 
93.9 346.2 |112.5] 24 | 403. .3 1149.6] 44 
94.8 347.1 ]112.8] 25 | 404. .31149.9} 45 
94.6 348.1 [113.1] 26 | 405. . 2 1150.21 46 
94.9 349.0 |113.4] 27 | 406. .2 1150.5] 47 
95.2 350.0 | 113.7] 28 | 407. .1|150.8] 48 
95.5 350.9 | 114.0] 29 | 408. .1/151.1]) 49 
95.8 351.9 [114.3] 30 | 409. 0 |151.4] 50 
96.1 352.8 1114.6] 431 | 409. ; -O [151.7] 551 
96.4 353.8 [115.0] 32 | 410. .9 }152.0] 52 
354.7 [115.3] 33 | 411. .9 [152.3] 53 
355.7 [115.6] 34 | 412. .8 1152.7] 54 
356.6 [115.9] 35 | 413. .8 1153.0] 55 
357.6 |116.2] 36 | 414. .7 [153.3] 56 
358.5 [116.5] 37 | 415.6 | 135. .7 [153.6] 57 
359.5 |116.8} 38 | 416. .6 |153.9] 58 
360.5 |117.1] 39 | 417. 6 |154.2] 59 
361.4 |117.4] 40 | 418. 5 1154.5] 60° 
362.4 |117.7| 441 | 419.4 | 136. -5 [154.8] 561 
363.3 1118.0] 42 | 420. .4}155.1] 62 
364.3 |118.4] 43 | 421. .4|155.4] 63 
365.2 |118.7] 44 | 422. .8 [155.7] 64 
366.2 |119.0] 45 | 423. 3 [156.1] 65 
367.1 |119.3] 46 | 424. .2 1156.4] 66 
368.1 |119.6] 47 | 425. .2 1156.7] 67 
369.0 [119.9] 48 | 426. ; .1 {157.0} 68 
370.0 |120.2] 49 | 427. .1 |157.8] 69 
370.9 |120.5} 50 | 428. . .0 |157.6] 70 
371.9 [120.8] 451 | 428. 6.0 |157.9] 671 
372.8 {121.1} 62 | 429. 9 |158.2] 72 
373.8 [121.4] 53 | 430. .9 |158.5] 73 
374.7 |121.8] 54 | 431. 8 |158.8] 74 
375.7 [122.1] 55 | 432. 8 [159.1] 75 
376.6 |122.4] 56 | 433. .7 |159.5} 76 
377.6 |122.7} 57 | 434. .7|159.8) 77 
378.5 |123.0] 58 | 435. : 6 |160.1] 78 
379.5 |123.3] 59 | 436. .6 |160.4] 79 
380.4 |123.6] 60 | 437. .5 1160.7) 80 
381.4 | 123.9] 461 | 438. -5 [161.0] 581 
382.3 |124.2] 62 | 439. .5 ]161.3] 82 
383.3 |124.5] 63 | 440. .4}161.6] 83 
384.2 |124.8] 64 | 441. .4 161.9] 84 
385.2 |125.2] 65 | 442. .3 |162.2] 85 
386.1 |125.5] 66 | 443. .3 | 162.5] 86 
387.1 [125.8] 67 | 444. .2 ]162.9] 87 
388.0 |126.1] 68 | 445. .2 1163.2] 88 
389.0 |126.4] 69 | 446. -1|163.5] 89 
339.9 |126.7] 70 | 447. .1 1163.8] 90 
390.9 [127.0] 471 | 447. -O | 164.1} 591 | 562.1 | 182.6 
391.8 |127.3] 72 | 448. .0 | 164.4] 92 | 563.0] 182.9 
392.8 1127.6] 73 | 449. .9 |164.7] 93 | 564.0 | 183.2 
393.7 |127.9] 74 | 450. 9 [165.0] 94 | 564.9 | 183.6 
394.7 |128.2] 75 | 451. 8 |165.3] 95 | 565.9 | 183.9 
395.6 |128.6{ 76 | 452. 8 |165.6f 96 | 566.8 | 184.2 
396.6 |128.9] 77 | 453. .7 |165.9] 97 | 567.8 | 184.5 
397.5 |129.2] 78 | 454. .7 1166.3] 98 | 568.7 | 184.8 
398.5 [129.5] 79 | 456. .6 |166.6] 99 | 569.7 | 185.1 
399.4 |129.8] 80 | 456. .6 |166.9] 600 | 570.6 | 185.4 


In Plane Salling. 


Forconverting Dep.into Diff. Long. and Diff. Long.into Dep. 
In Middle Latitude Sating. af ee 


For converting Dep.into Diff. Long.and Diff. Long.into Dep. 
In Mercator Sailing. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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In Plane Sailing. 
ing Dep. 
lu Middle Latitude 


For convert 


or 


plication of numbers Dy eines and by cosines, 
14 es. 


solution of plane right-angled tr 


or multi 
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TABLE 3. [Page 55 
Difference of Latitude and Departure for 19° (161°, 199°, 341°), 


Dist. | Lat Dep. | Dist.| Lat. Dep. | Dist. | Lat. Dep. } Dist. | Lat. 

801 | 284.6] 98. 0} 361 | 341.3 | 117. 59 421 | 398.1 | 137.1] 481 | 454.8 
02 | 285.5 | 98.35 62 | 342.3 )117.9] 22 | 399.0 |137.4] 82 | 455.7 
03 | 286.5] 98.67 63 | 343.2 /118.2] 23 | 400.0 /137.71 83 | 456.7 
04 | 287.4] 99.0] 64 | 344.2 |118.5] 24 | 400.9 [138.07 84 | 457.6 
05 | 288.4) 99.37 65 | 345.1 /118.8f 25 | 401.8 |138.4] 85 | 458.6 
06 | 289.3 | 99.61 66 | 346.1 ]}119.2] 26 | 402.8 |138.7] 86 | 459.5 
07 | 290.3 |} 99.9] 67 | 347.0 |119 5] 27 | 403.7 [139.01 87 | 460.5 
08 | 291.2 /100.3— 68 | 348.0 /119.8% 28 | 404.7 |139.3]7 88 | 461. 4 


09 | 292.2 }100.6] 69 | 348.9 |120.1} 29 | 405.6 |139.7] 89 | 462 4 
10 | 293.1 | 100.9] 70 | 349.8 |}120.57 30] 406.6 | 140.07 90 | 463.3 


ee | eee fl 8 


311 | 294 1 | 101. 3] 371 | 350. 8 | 120. 8§ 431 | 407. 5 | 140.3] 491 | 464.2 
12 | 295.0 {101.6% 72 | 351.7 [121.1] 32 | 408.5 |140.6] 92 | 465.2 
13 | 295.9 | 101.9] 73 | 352.7 |121.4§ 33 | 409.4 |141 0} 93 | 466.1 
14 | 296.9 | 102.2] 74 | 353.6 | 121.8] 34 | 410.4 141.3] 94 | 467.1 
15 | 297.8 {102.67 75 | 354.6 }122.17 35} 411.3 |141.6] 95 | 468.0 
16 | 298.8 | 102.9% 76 | 355.5 | 122.4— 36 | 412.2 |14L 9] 96 | 469.0 
17 | 299.7 | 103.2] 77 | 356.5 | 122.7] 37 | 413.2 |142.8] 97 | 469.9 
18 | 300.7 |103.5] 78 | 357.4 }123.1] 38 | 414.1 |142. 6] 98 | 470.9 
19 | 301.6 | 103.8] 79 | 358.4 {123.4% 39 | 415.1 1142.9] 99 | 471.8 
20 | 302.6 | 104.2— 80 | 359.3 | 123.7] 40 | 416.0 | 143. 3] 500 | 472. 8 

321 | 303. 5 | 104. 59 381 | 360. 2 | 124 OF 441 | 417. 0 | 143. 6] 501 | 473.7 
22 | 304.5 1104.8) 82 | 361.2 |124.4] 42 | 417.9 |143.9] 02 | 474.7 
23 | 305.4 |105.27 83 | 362.1 /)124.7] 43 | 418.9 | 144.2] 03 | 475.6 
24 | 306.3 | 105 59 84 | 363.1 1125.0f 44 | 419.8 | 144 6] 04 | 476.5 
25 | 307.3 | 105. 8f 85 | 364.0 | 125.3] 45 | 420.8 | 144.97 05 | 477.5 
26 | 308.2 | 106.1] 86 | 365.0 [125.7] 46 | 421.7 [145.27 06 | 478. 4 
27 | 309.2 |} 106.5] 87 | 365.9 | 126.0] 47 | 422.6 | 145.5] 07 | 479. 4 
28 | 310.1; 106.8] 88 | 366.9 | 126.3] 48 | 423.6 | 145.99 08 | 480.3 
29 | 311.1 ,107.1] 89 | 367.8 |126.6§ 49 | 424.5 | 146.2] 09 | 481.3 
30 | 312.0 | 107.4] 90 | 368.8 |127.0] 50 | 425.5 | 146.5] 10 | 482.2 

331 | 313.0 | 107. 8§ 391 | 369.7 | 127.39 451 | 426. 4 | 146. 8 511 | 483. 2 
32 | 313.9 | 108.1] 92 | 370.6 | 127.6] 52 | 427.4 | 147.2% 12 | 4841 
33 | 314.9 | 108.47 93 | 371.6 |127.9] 53 | 428.3 [147.5] 13 | 485.1 
34 | 315.8 | 108.7] 94 | 372.5 [128.3] 54 | 429.3 1147.8] 14 | 486.0 
35 | 316.7 | 109.1] 95 | 373.5 | 128.6] 55 | 430.2 1148.17 15 | 486.9 
36 | 317.7 | 109.47 96 | 374.4 }128.9] 56 | 431.2 | 148.5] 16 | 487.9 
37 | 318.6 | 109.7] 97 | 375.4 | 129.3] 57 | 432.1 | 148.8] 17 | 488.8 
38 | 319.6 | 110.0} 98 | 376.3 }129.6— 58 | 433.0 | 149.17 18 | 489.7 
39 | 320.5 }110.47 99 | 377.3 |129.97 59 | 434.0 /149.4]7 19 | 490.7 
40 | 321. 5 | 110. 7] 400 | 378.2 | 130.2] 60 | 434.9 |149.8] 20) 491.6 

341 | 322.4 | 111. Of 401 | 379. 2 | 130. 6] 461 | 435. 9 | 150.17 521 | 492.6 
42 | 323.4 {111.37 02 | 380.1 |130.9]7 62 | 436.8 | 150.47 22 | 493.6 
43 | 324.3 {111.7% 03 | 381.0 | 131.2] 63 | 437.8 |150.7] 23 | 4945 
44 | 325.3 | 112.0] 04 | 382.0 /131.5] 64 | 438.7 | 151.1] 24 | 495.5 
45 | 326.2 |112.37 05 | 382.9 }131. 97 65 | 439.7 |151.4] 25 | 496. 4 
46 | 327.1 }112.6] 06 | 383.9 | 132.2] 66 | 440.6 |} 151.7] 26 | 497.3 
47 | 328.1 |113.0] 07 | 384 8 | 132.5] 67 | 441.6 | 152.0] 27 | 498.3 
48 | 329.0 / 113.3] 08 | 385.8 |} 132.8] 68 | 442.5 |152.4] 28 | 499.2 
49 | 330.0 /113.6— 09 | 386.7 | 133.2] 69 | 443.4 [152.7] 29 | 500.2 
50 | 330.9 | 113.97 10 | 387.7 | 133.5] 70 | 444.4 | 153.0f 30 | 501.1 | 1 

351 | 331.9 | 114 3] 411 | 388.6 | 133. 8] 471 | 445.3 | 153.3] 531 | 502.1 
52 | 332.8 | 114.6f 12 | 389.6 | 134.1] 72 | 446.3 | 153.77 32 | 503.0 
53 | 333.8 1114.97 13 | 390.5 | 134.5] 73 | 447.2 | 154.0] 33 | 504.0 
54 | 334.7 /115.3] 14 | 39L 4 | 134 8] 74 | 448.2 | 154.3] 34 | 504.9 
55 | 335.7 115.6] 15 | 392.4 | 135.1] 75 | 449.1 [154.6 35 | 505.9 
56 | 336.6 | 115.9] 16 | 393.3 | 135.4] 76 | 450.1 1155.0] 36 | 506.8 
57 | 337.6 |116.2] 17 | 394.3 |135.8] 77 | 451.0 | 155.3] 37 | 507.7 
58 | 338.5 |116.6— 18 | 395.2 | 136.1] 78 | 452.0 | 155.6) 38 | 508.7 
59 | 339.4 |116.9— 19 | 396.2 | 136.4] 79 | 452.9 |155.97 39 | 509.6 
60 | 340.4 |117.2]— 20 | 397.1 | 136.7] 80 | 453.8 | 156.3] 40 | 510.6 


Dist. | Dep. Lat. | Dist. | Dep. Lat. | Dist. | Dep. Lat. | Dist. | Dep. 


For conver Dep.into Diff. Long.and Diff. Long.into D 
In converting Den Saieg: oh a 


For rps Te elas Dif. Long.and Diff. Long.into Dep. 
In Mercator Salling. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


Page 56] TABLE 3. 
Difference of Latitude and Departure for 20° (160°, 200°, 340°). 


y 
& 


1 0.9} 0.3 . : 181 226.5 | 82.4 

2 1.9] 0.7 : : 82 227.4 | 82.8 

3 2.8] 1.0 69.2 | 21.5] 23 83 228.8 | 83.1 

4 3.8 | 1.4 60.1 | 21.9} 24 84 229.3} 83.5 

5 4.7| 1.7 61.1 | 22.2] 25 85 230.2 | 83.8 

6 §.6 | 2.1 62.0 | 22.6] 26 86 231.2 | 84.1 

7 6.6] 2.4 63.0 | 22.9 | 27 87 232.1 | 84.5 

8 7.5 |] 2.7 63.9 | 23.3] 28 88 233.0 | 84.8 

9 8.5] 3.1 64.8 | 23.6] 29 89 234.0 | 85.2 
10 9.4 | 3.4 65.8 | 23.9% 380 90 234.9 | 85.5 
11} 10.3) 38.8 66.7 | 24.3 J 131 191 235.9 | 85.8 
12; 11.3] 41 67.7 | 24.69 32 236.8 | 86.2 
13] 12.2] 4.4 68.6 | 25.07 33 237.7 | 86.5 
14| 13.2] 48 69.5 | 25.3] 34 238.7 | 86.9 
15} 14.1] 5.1 70.5 | 25.7 | 35 239.6 | 87.2 
16; 15.0] 5.5 71.4 | 26.0] 36 240.6 | 87.6 
17| 16.0] 5.8 72.4 | 26.38] 37 241.5 | 87.9 
18] 16.9] 6.2 73.3 | 26.7] 38 242.4 | 88.2 
19] 17.9] 6.5 74.2} 27.0] 39 243.4] 88.6 
20; 18.8; 6.8 75.2 | 27.4] 40 244.3 | 88.9 
21} 19.7 | 7.2 76.1 | 27.7 | 141 245.3 | 89.3 
22} 20.7| 7.5 77.1 | 28.0] 42 246.2 | 89.6 
23} 21.6] 7.9 78.0 | 28.4] 43 247.1 | 90.0 
24| 22.6] 8.2 78.9 | 28.79 44 248.1; 90.8 
25 | 23.5] 8.6 79.9 | 29.1] 45 249.0 | 90.6 
26} 24.4| 89 80.8 | 29.4 250.0 | 91.0 
27 | 25.4] 9.2 81.8 | 29.8 250.9} 91.38 
28 | 26.3] 9.6 82.7 | 30.1 251.8 | 91.7 
29] 27.3| 9.9 83.6 | 30.4 252.8 | 92.0 
30] 28.2 | 10.3 84.6 | 30.8 253.7 | 92.3 
31} 29.1] 10.6 85.5 | 31.1 254.7 | 92.7 
32} 30.1 | 10.9 86.5 | 31.5 255.6 | 93.0 
33 | 31.0] 11.3 87.4 | 31.8 256.5 | 93.4 
34] 31.9] 11.6 88.3 | 32.1 257.5 | 93.7 
35 | 32.9 | 12.0 89.3 | 32.5 258.4] 94.1 
36 | 33.8 | 12.3 90. 2 | 32.8 259.4] 94.4 
37 | 34.8 | 12.7 91.2 | 33.2 260.3 | 94.7 
38 | 35.7 | 13.0 92.1 | 33.5 261.2 | 95.1 
39 | 36.6 | 13.3 93.0 | 33.9 79 | 262.2] 95.4 
40] 37.6] 13.7 94.0 | 34.2 80 | 263.1 | 95.8 
41 |} 38.5 | 14.0 94.9 | 34.5 281 | 264.1 | 96.1 
42} 389.5] 14.4 95.8 | 34.9 82 | 265.0 | 96.4 
43 | 40.4] 14.7 96.8 | 35.2 83 | 265.9 | 96.8 
44} 41.3 | 15.0 97.7 | 35.6 84 | 266.9; 97.1 
45} 42.3 | 15.4 98.7 | 35.9 85 | 267.8 | 97.5 
46 | 43.2 | 15.7 99.6 | 36.3 86 | 268.8 | 97.8 
47 | 44.2] 16.1 100. 5 | 36.6 87 | 269.7 | 98.2 
48 | 45.1 | 16.4 101.5 | 36.9 88 | 270.6 | 98.5 
49 | 46.0] 16.8 102. 4 | 37.8 89 | 271.6 | 98.8 
50 | 47.0 | 17.1 103. 4 | 37.6 90 | 272.5 | 99.2 
61) 47.9 | 17.4 104.3 | 38.0 291 | 273.5 | 99.5 
§2{ 48.9] 17.8 105. 2 | 38.3 79.3 | 92 | 274.4] 99.9 
53 | 49.8 | 18.1 106. 2 | 38.6 79. 7 275.38 | 100.2 
54] 50.7 | 18.5 107.1 | 39.0 80. 0 276.3 | 100.6 
55] 51.7 | 18.8 108.1 | 39.3 80.4 277.2 | 100.9 
56] 62.6} 19.2 109.0 | 39.7 80. 7 278.1 | 101.2 
57 | 53.6 | 19.5 109.9 |} 40.0 81.1 279.1 | 101.6 
58 | 54.5 | 19.8 110.9 | 40.4 81.4 280.0 | 101.9 
59 | 55.4 | 20.2 111.8 .| 40.7 81.7 281.0 | 102.3 
60 | 56.4 | 20.5 112.8 | 41.0 82.1 281.9 | 102.6 

Dist.| Dep. | Lat Dist.| Dep. | Lat. 


In Plane Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Salling. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


SrVmpopns 


e| sseuseeescissassaresessseseeees 


TABLE 3. 


Difference of Latitude and Departure for 20° (160°, 200°, 340°). 


Lat. Dist.| Lat. | Dep. | Dist.| Lat Lat. | Dep. 
282. 8 339. 2 395. 6 508. 4 | 185.0 
283. 8 340. 2 396. 6 509.3 | 185.4 
284. 7 341.1 397. 5 610.38 | 185.7 
285. 7 342.0 898. 4 611.2 | 186.1 
286. 6 343.0 399. 4 612.1 | 186.4 
287. 5 343. 9 400. 3 613.1 | 186.7 
288. 5 344. 9 401.3 514.0 | 187.1 
289. 4 345. 8 402.2 515.0 | 187.4 
290. 4 346. 7 403.1 515.9 | 187.8 
291.8 347. 7 404.1 516.8 | 188.1 
292. 2 348. 6 405. 0 617.8 | 188.5 
293. 2 349. 6 406.0 518.7 | 188.8 
294.1 350. 5 406. 9 519.7 | 189.1 
295. 1 351. 4 407.8 520.6 | 189.5 
296. 0 352. 4 408. 8 521.5 | 189.8 
296. 9 353. 3 409.7 522.5 | 190.2 
297.9 354. 3 410. 6 523. 4 | 190.5 
298. 8 355. 2 411.6 524.83 | 190.8 
299. 8 356. 1 412.5 525.3 | 191.2 
300. 7 357. 1 413. § 526.2 | 191.5 
301. 6 358. 0 414.4 627.2 | 191.9 
802. 6 359. 0 415.3 528.1 | 192.2 
303. 5 359. 9 416.3 529.0 | 192.6 
304. 5 360. 8 417.2 530.0 | 192.9 
805. 4 361. 8 418.2 530.9 | 193.2 
806. 3 362. 7 419.1 531.9 | 193.6 
307.8 363. 7 420. 0 532. 8 | 193.9 
808. 2 364. 6 421.0 633.7 | 194.8 
309. 2 365. 5 421.9 534.7 | 194.6 
310.1 366. 5 422.9 535.6 | 195.0 
311.0 367.4 423.8 536.6 | 195.3 
312.0 368. 4 424.7 537.5 | 195.6 
312.9 369. 8 425. 7 538. 4 | 196.0 
313.9 370. 2 426.6 539.4 | 196.3 
314.8 371.2 427.6 ‘| 640.3 | 196.7 
315.7 372.1 428. 5 541.3 | 197.0 
316.7 373.1 429. 4 642.2 | 197.3 
317.6 374. 0 430. 4 543.1 | 197.7 
318. 6 374.9 431.3 544.1 | 198.0 
819. 5 375. 9 432. 3 545.0 | 198.4 
320. 4 ; 376. 8 433. 2 546.0 | 198.7 
821.4 : 377.8 434.1 546.9 | 199.1 
322.3 : 378. 7 435. 1 547.8 | 199.4 
323.3 ‘ 379. 6 436. 0 548.8 | 199.7 
824. 2 : 380. 6 437.0 549.7 | 200.1 
$25. 1 : 881.5 437.9 550.7 | 200. 4 
326. 1 . 382. 5 438. 8 551.6 | 200.8 
827. 0 : 383. 4 439. 8 552.5 | 20L.2 
328. 0 : 384. 3 440.7 553. & | 201. 4 
328. 9 P 385. 3 441.7 554.4 | 201.8 
329. 8 ‘ 386. 2 442.6 555. 4 | 202.1 
330. 8 2 387. 2 443.5 556.8 | 202.5 
331.7 | 120.7 388. 1 444.5 557. 2 | 202.8 
332.7 |12L.1 389. 0 445. 4 558. 2 | 203. 2 
833.6 |121.4 890. 0 446.4 559.1 | 203.5 
334. 5 | 121.8 390. 9 447.3 560.1 | 203. 8 
$35. 6 | 122.1 891.9 448. 2 561.0 | 204. 2 
$36. 4 | 122.4 392. 8 449.2 561.9 | 204.5 
337. 4 1122.8 393. 7 450. 1 562.9 | 204.9 
$38.3 | 123.1 394.7 451.1 563.8 | 205.2 


Den | tae [ome | Den | tae [pee | Den 


or cou une dy -into Di Sidi ciate Long.into D 
In Middi © Latitude Sailin f o- a 


Dep.into Di and Diff. into D 
ing Dep into Dig. Tan a iff. Long. ep. 


For conver m Diff. 
In Merca ane 


For multiplication of numba he aye and by cosines, or 


solution of plane right-any] “Ty Bide 


Page 68] TABLE 3. 
Difference of Latitude and Departure for 21° (159°, 201°, 339°). 


E 
R 
=) 
F 
R 
: 


1} 0.9] 0. 56.9 113.0 | 43.4 | 181 225.0 | 86.4 
2} 1.9] 0. 57. 9 113.9 | 43.7] 82 225.9 | 86.7 
3} 2.8] 1. 58. 8 114.8 | 44.1] 83 226.9 | 87.1 
4} 3.7/1. 59.7 115.8 | 44.4] 84 227.8 | 87.4 
6| 47] 1. 60.7 116.7 | 44.8] 85 228.7 | 87.8 
6] 5.6] 2 61.6 117.6 | 45.2] 86 229.7} 88.2 
7) 6.5] 2 62. 5 118.6 | 45.5] 87 230.6 | 88.5 
8| 7.5| 2. 63. 5 119.5 | 45.9] 88 231.5 | 88.9 
9| 84] 3. 64.4 120.4 | 46.2] 89 232.5 | 89.2 
10| 9.3] 8. 65.4 121.4 | 46.6] 90 233.4 | 89.6 
li | 10.3| 8. 66.3 122.3 | 46.9 | 191 234.3 | 90.0 
12| 11.2] 4. 67.2 123.2 | 47.3] 92 235.3 | 90.3 
13| 121] 4. 68. 2 124.2 | 47.7] 93 236.2 | 90.7 
14| 13.1] 5. 69. 1 125.1 | 48.0] 94 237.1} 91.0 
15| 14.0| 5. 70. 0 126.0 | 48.4] 95 238.1 | 91.4 
16| 14.9] 5. 71.0 127.0 | 48.7] 96 239.0] 91.7 
17| 15.9] 6. 71.9 127.9 | 49.1] 97 239.9} 92.1 
18| 16.8] 6. 72. 8 128.8 | 49.5] 98 240.9 | 92.5 
19| 17.7] 6. 73. 8 129.8 | 49.8] 99 241.8 | 92.8 
20| 18.7 | 7. 74.7 130.7 | 50.2 | 200 242.7 | 93.2 
21 | 19.6 | 7. 75.6 131.6 | 50.5 | 201 243.7 | 93.5 
22| 20.5| 7. 76. 6 132.6 | 50.9] 02 244.6 | 93.9 
23| 21.5] 8. 77.5 133.5 | 51.2] 03 245.5 | 94.3 
24| 22.4| 8. 78.4 134.4 | 51.6} 04 246.5 | 94.6 
25 | 23.3] 9. 79. 4 135.4 | 52.0] 05 247.4 | 95.0 
26| 24.3| 9. 80.3 136.3 | 52.3} 06 248.3 | 95.3 
27| 25.2] 9. 81.2 137.2 | 52.7] 07 249.3 | 95.7 
28 | 26.1 | 10. 82. 2 138.2 | 53.0] 08 250.2 | 96.0 
29| 27.1 | 10. 83.1 139.1 | 53.4] 09 251.1 | 96.4 
30 |_ 28.0 | 10. 84.0 140.0 | 53.8 | 10 252.1 | 96.8 
31 | 28.9 | 11. 85.0 “141.0 | 54.1 [211 253.0 | 97.1 
32 | 29.9 | 11. 85. 9 141.9 | 54.5] 12 253.9 | 97.5 
33 | 30.8 | 11. 86. 8 142.8 | 54.8] 13 254.9 | 97.8 
34| 31.7 | 12. 87.8 143.8 | 55.2] 14 255.8 | 98.2 
35 | 32.7 | 12. 88.7 144.7 | 55.5 | 15 256.7 | 98.6 
36 | 33.6 | 12. 89. 6 145.6 | 55.9] 16 257.7 | 98.9 
37 | 34.5 | 13. 90. 6 146.6 | 56.3 | 17 258.6 | 99.3 
38 | 35.5 | 13. 91.5 147.5 | 56.6] 18 259.5 | 99.6 
39 | 36.4 | 14. 92.4 148.4 | 57.0] 19 260.5 | 100.0 
40 | 37.3 | 14. 93.4 149.4 | 57.3] 20 261.4 | 100.3 
41 | 38.3 | 14. 94.3 150.3 | 57.7 | 221 262.8 | 100.7 
42| 39.2 | 15. 95.2 151.2 | 58.1] 22 263.3 | 101.1 
43 | 40.1 | 15. 96. 2 152.2 | 58.4] 23 264.2 | 101.4 
44| 41.1 | 15. 97.1 153.1 | 58.8] 24 265.1 | 101.8 
45 | 42.0 | 16. 98. 0 154.0 | 59.1] 25 266.1 | 102.1 
48 | 42.9 | 16. 99. 0 155.0 | 59.5] 26 267.0 | 102.5 
47| 43.9 | 16. 99.9 155.9 | 59.8] 27 267.9 | 102.9 
44,8 | 17. 100. 8 156.8 | 60.2] 28 268.9 | 103.2 
45.7 | 17. 101.8 157.8 | 60.6] 29 269.8 | 103.6 
46.7 | 17. 102.7 158.7 | 60.9] 30 270.7 | 103.9 
47.6 | 18. 103.6 159.6 | 61.3 | 231 271.7 | 104.3 
48.5 | 18. 104. 6 160.6 | 61.6] 32 272.6 | 104.6 
49.5 | 19. 105. 6 161.5 | 62.0] 33 278.5 | 105.0 
60.4 | 19. 106. 4 162.4 | 62.4] 34 274.5 | 105.4 
61.3 | 19. 163.4 | 62.7] 35 276.4 | 105.7 
52.3 | 20. 164.3 | 63.1] 36 276.8 | 106. 1 
53.2 | 20. 165.2 | 63.4] 37 277.3 | 106.4 
64.1 | 20. 168.2 | 63.8] 38 278.2 | 106.8 
65.1 | 21. 167.1 | 64.1] 39 279.1 | 107.2 
56.0 | 21. 168.0 | 64.5] 40 


Forconverting Dep. into Diff. Long. and Diff. Long. into Dep. 
Iu Middle Latitude Sailing. o - 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Sailing. 


For multiplication of numbers et es and by cosines, or 


solution of plane right-angled tr es. 


Lat. 


to 
© 
Ve) 


Panes 
oe eenone = 


SESS 
DIR H 


sess 
bed feed 

Sse 
fo oe - oR - oR an) 


312.7 


Dep. 


107.9 
108. 2 
108.6 
108.9 
109.3 
109.7 
110.0 
110.4 
110.7 
111.1 


111.5 


111.8 
112.2 
112.5 
112.9 
118.2 
113.6 
114.0 
114.3 
114.7 


115.0 
115.4 
115.8 
116.1 
116.5 
116.8 
117.2 
117.5 
117.9 
118.3 


118.6 
119.0 
119.3 
119.7 
120.1 
120.4 
120.8 
121.1 
121.5 
121.8 


122.2 


122.6 
122.9 
123.2 
123.6 
124.0 
124.4 
124.7 
125.1 
125.4 


126.1 
126.5 
126.9 
127.2 
127.6 
127.9 
128.3 
128.7 
129.0 


Dist. 


125.8 


TABLE 3. 
Difference of Latitude and Departure for 21° (159°, 201°, 339°). 


Lat. | Dep. | Dist. 


337.0 | 129.4] 421 
338.0 |129.7] 22 
338.9 | 130.1] 23 
339.8 |130.4] 24 
8 |130.8} 25 
7131.2] 26 
6 [131.5] 27 
6 |131.9] 28 
5 | 132.2] 29 
4 |132.6} 30 
346.4 | 133.0] 431 
347.3 |133.3] 32 
348.2 |133.7] 33 
349.1 |134.0] 34 
350.1 | 134.4] 35 
351.0 |134.7] 36 
352.0 |135.1] 37 
352.9 | 135.5] 38 
353.8 |135.8] 39 
354.8 |136.2] 40 


356.6 1136.9] 42 
357.6 | 137.3} 43 
358.5 [137.6] 44 
359.4 [138.0 45 
360.4 | 138.3] 46 
361.3 |138.7] 47 
362.2 |139.0] 48 
363.2 |139.4§ 49 
364.1 | 139.8] 50 


365.9 |140.5] 52 
366.9 | 140.8] 53 
367.8 |141.2] 54 
368.8 | 141.6] 55 
369.7 | 141.9] 56 
370.6 | 142.3] 57 
371.6 | 142.6] 58 
372.5 {143.0} 59 
373.4 | 143.3] 60 


374.4 | 143.7] 461 


375.3 1144.1] 62 
376.2 | 144.4] 63 
377.1 | 144.8] 64 
378.1 |145.1] 65 
379.0 | 145.5] 66 
379.9 | 145.9] 67 
380.9 [146.2] 68 
381.8 | 146.6] 69 
382.8 | 146.9} 70 


383.7 | 147.3] 471 


384.6 | 147.6] 72 
385.6 | 148.0] 73 
386.5 | 148.4] 74 
387.4 | 148.7] 75 
388.4 | 149.1] 76 
389.3 | 149.4] 77 
390.2 | 149.8] 78 
391.2 | 150.2] 79 
392.1 | 150.5] 80 


In Plane Sailing. 


Forconverting Dep.into Diff. Long.and Diff. Long.into Dep. 


In Middle Latitude Sailing. 


Forconverting D 
In Mercator 


For multiplication of numbers by sines and by cosines, or 


all 


Lat. 


hb RR 
GON DO 


355.7 | 136.5] 441 


365.0 | 140.1] 451 


Dep. 


solution of plane right-angled triangles. 


ep inte Diff. Long.and Diff. Long.into Dep. 
&. 


Dist. 


Lat. 


Dep. f Dist. 


Page 60] TABLE 8. 
Difference of Latitude and Departure for 22° (158°, 202, 338°). 


; 
R 
i 


1] 0.9] 0. 56.6 45.3 | 181 | 167.8 | 67.8 223.5 | 90.3 
2} 19] 0. 57.5 45.7] 82 | 168.7 | 68.2 224.4} 90.7 
3| 28] 1. 58. 4 46.1} 83 | 169.7 | 68.6 225.3 | 91.0 
4| 3.7| 1. 59. 3 46.5} 84 | 170.6 | 68.9 226.2) 91.4 
5} 4.6] 1. 60.3 46.8] 85 | 171.5 | 69.3 227.2] 91.8 
6| 5.6] 2 61.2 47.2] 86 | 172.5 | 69.7 228.1} 92.2 
7] 65] 2. 62.1 47.6] 87 | 173.4 | 70.1 229.0} 92.5 
8| 7.4] 8. 63.0 47.9] 88 | 174.3 | 70.4 229.9 | 92.9 
9/ 83) 3. 64.0 48.3] 89 | 175.2 | 70.8 230.9} 93.3 
10| 9.3] 3. 64.9 48.7] 90 | 176.2 | 71.2 231.8 | 93.7 
Ti | 10.2 | 4. 65.8 49.1 | 191 | 177.1 | 71.5 232.7 | 94.0 
12] 111] 4. 66. 8 49.4] 92 | 178.0 | 71.9 233.7 | 94.4 
13| 12.1] 4. 67.7 49.8] 93 | 178.9 | 72.3 234.6 | 94.8 
14| 13.0] 5. 68. 6 50.2] 94 | 179.9 | 72.7 235.5 | 95.2 
15| 13.9] 5. 69. 5 50.6 | 95 | 180.8 | 73.0 236.4 | 95.5 
16| 14.8] 6. 70. 5 50.9] 96 | 181.7 | 73.4 237.4 | 95.9 
17| 15.8] 6. 71.4 51.3] 97 | 182.7 | 73.8 238.3 | 96.3 
18| 16.7| 6. 72. 3 51.7] 98 | 183.6 | 74.2 239.2 | 96.6 
19| 17.6| 7. 73.2 52.1] 99 | 184.5 | 74.5 240.1 | 97.0 
20| 18.5] 7. 74,2 52.4 | 200 | 185.4 | 74.9 241.1 | 97.4 
21| 19.6 | 7. 75.1 52.8 | 201 | 186.4 | 75.3 242.0 | 97.8 
22| 20.4] 8. 76. 0 53.2] 02 | 187.3 | 75.7 242.9 | 98.1 
23| 21.3] 8. 77.0 53.6] 03 | 188.2 | 76.0 243.8 | 98.5 
24| 22.3] 9. 77.9 53.9] 04 | 189.1 | 76.4 244.8 | 98.9 
25| 23.21 9. 78. 8 54.3] 05 | 190.1 | 76.8 245.7 | 99.3 
26| 24.1] 9. 79.7 54.7] 06 | 191.0 | 77.2 246.6 | 99.6 
27| 25.0 | 10. 80.7 55.1] 07 | 191.9 | 77.5 247.6 | 100.0 
28 | 26.0 | 10. 81.6 55.4] 08 | 192.9 | 77.9 248.5 | 100.4 
29 | 26.9 | 10. 82. 5 55.8 | 09 | 193.8 | 78.3 249.4 | 100.8 
30 | 27.8 | 11. 83.4 56.2] 10 | 194.7 | 78.7 250.3 | 101.1 
81 | 28.7 |11. 84.4 56.6 | 211 | 195.6 | 79.0 251.8 | 101.5 
32] 29.7 | 12. 85. 3 56.9] 12 | 196.6 | 79.4 252.2 | 101.9 
33 | 30.6 | 12. 86. 2 57.3 | 13 | 197.5 | 79.8 253.1 | 102.3 
34] 31.5 | 12. 87.2 57.7] 14 | 198.4 | 80.2 254.0 | 102.6 
35 | 32.5 | 13. 88. 1 58.1] 15 | 199.3 | 80.5 255.0 | 103.0 
36 | 33.4 | 13. 89. 0 58.4] 16 | 200.3 | 80.9 255.9 | 103. 4 
37| 34.3 | 13. 89.9 58.8] 17 | 201.2 | 81.3 256.8 | 103. 8 
38 | 35.2 | 14. 90.9 59.2] 18 | 202.1 | 81.7 257.8 | 104.1 
39] 36.2 | 14. 91.8 59.6 | 19 | 203.1 | 82.0 258.7 | 104.5 
40 | 37.1 | 15. 92.7 59.9] 20 | 204.0 | 82.4 259.6 | 104.9 
4i | 38.0 | 15. 93.6 60.3 | 221 | 204.9 | 62.8 260.6 | 105.3 
42 | 38.9 | 15. 94.6 60.7] 22 | 205.8 | 83.2 261.5 | 105.6 
43 | 39.9 | 16. 95.5 61.1] 23 | 206.8 | 83.5 262.4 | 106.0 
44} 40.8 | 16. 96.4 61.4] 24 | 207.7 | 83.9 263.3 | 106. 4 
45| 41.7 | 16. 97.4 61.8] 25 | 208.6 | 84.3 264.2 | 106. 8 
46 | 42.7 | 17. 98. 3 62.2] 26 | 209.5 | 84.7 265.2 | 107.1 
47| 43.6 | 17. 99.2 62.6] 27 | 210.5 | 85.0 266.1 | 107.5 
48 | 44.5 | 18. 100. 1 62.9] 28 | 211.4 | 85.4 267.0 | 107.9 
49 | 45.4 | 18. 101.1 63.3 | 29 | 212.3 | 85.8 268.0 | 108.3 
50 | 46.4 | 18. 102.0 63.7] 30 | 213.3 | 86.2 268.9 | 108.6 
61 | 47.8 | 19. 102.9 Gf.1 | 231 | 214.2 [80.5 269. 8 |109. 0 
52 | 48.2 | 19. 103.8 64.4] 32 | 215.1 | 86.9 270.7 | 109. 4 
53 | 49.1 | 19. 104.8 64.8] 33 | 216.0 | 87.3 271.7 | 109.8 
64] 50.1 | 20. 105.7 65.2] 34 | 217.0 | 87.7 272.6 | 110.1 
55 | 61.0 | 20. 106. 6 65.6 | 35 | 217.9 | 88.0 273.5 | 110.5 
66 | 51.9 | 21. 107.6 65.9] 36 | 218.8 | 88.4 274.4 | 110.9 
67 | 52.8 | 21. 108. 5 66.3 | 37 | 219.7 | 88.8 275.4 | 111.3 
68 | 53.8 | 21. 109. 4 66.7 | 38 | 220.7 | 89.2 276.3 | 111.6 
69 | 64.7 | 22. 110.3 67.1] 39 | 221.6 | 89.5 277.2 | 112.0 
60 | 55.6 | 22. 111.3 67.4] 40 | 222.5 | 89.9 278.2 | 112.4 


In Plane Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator S ge 


For multiplication of numbers by sines and by cosines, or 
solution of plano right-angled triangles. 


TABLE 8. 
Difference of Latitude and Departure for 22° (158°, 202°, 338°). 


Dist. Lat. Dep. 

$01 361 | 334.7 421 157.7 | 481 501.6 | 202.7 
02 62 | 335.6 158.1] 82 502.5 | 203. 0 
03 63 | 336. 6 158.54 83 503.5 | 203. 4 
04 64 | 337.5 158.8] 84 504. 4 | 203.8 
05 65 | 338. 4 159.2) 85 505. 3 | 204. 2 
06 66 | 339.3 159.6] 86 506.2 | 204.5 
07 67 | 340.3 160.0} 87 507.2 | 204.9 
08 68 | 341.2 160.3] 88 508.1 | 205.3 
09 69 | 342.1 160.74 89 509.0 | 206.7 
10 70 | 343.1 161.1] 90 510.0 | 206.0 

$11 371 399.6 | 161.5] 491 510. 9 
12 72 161.8} 92 511.8 
13 73 162.24 93 


1 74 162.6] 94 
75 
76 163.3] 96 
77 163.74 97 
78 164.1] 98 


SELL EERE 
CUBS] Cm OI © OURS OO 


SEBRSSSSSREESSE: 
2 
SSSSSaee SBSSSSERE RE! 


IDO OO HWW] Oh CLOTAN WOO © 


RBEREREBSESIERESSES 
bo 9 pm GTO RS 99 IT DW GO} OO HS WD OOH 


80 164. 8 | 500 

. 29 381 165. 2 | 501 10. 

6] 82 165.6 | 02 10. 

LO} 83 166.0} 03 ; 
14] 84 166.3] 04 
17] 85 166.7] 05 
2.1] 86 167.1] 06 
122.5] 87 167.4] 07 
122.9] 88 167.8] 08 
123.24 89 | 360.7 49 168.2] 09 
123.6 90 | 361.6 50 168.6} 10 


S55: 


124.0] 391 | 362.5 451 | 418.2 | 168.97 511 
124.4] 92 | 363.5 52 | 419.1 | 169.3] 12 
308.8 |124.7] 93 | 364.4 | 147.2] 53 | 420.0 [169.7] 13 
309.7 | 125.1] 94 | 365.3 [147.6] 54 | 420.9 |170.1] 14 
10.6 | 125.5) 95 | 366.2 | 148.0] 55 | 421.9 |170.4] 15 
.6 1125.9] 96 | 367.2 | 148.3} 56 | 422.8 |170.8] 16 
126.2] 97 -1 | 148.70) 67 | 423.7 (171.29 17 
126.6 98 | 369.0 | 149.1] 58 | 424.7 |171 6] 18 
127.0] 99 | 369.9 | 149.5] 59 | 425.6 [171.9] 19 
127.4] 400 | 370.9 | 149.8] 60 | 426.5 |172.3] 20 
127.7] 401 | 371.8 | 150.2] 461 | 427.4 | 172.7] 521 
128.1] 02 | 372.7 | 150.6] 62 | 428.4 | 173.1 
128.5] 03 | 373.7 |151.0] 63 | 429.3 |173.4] 23 
128.9] 04 | 374.6 |151.3] 64 | 430.2 |173.8] 24 
; 05 | 375.5 | 151.7] 65 | 431.1 }1742]7 25 
06 | 376.4 |152.1] 66 | 432.1 11746] 26 
07 | 377.4 1152.5] 67 | 433.0 [174.9] 27 
08 | 378.3 | 152.8] 68 | 433.9 |175.3] 28 ; 
09 | 379.2 |153.2— 69 | 434.8 |175.7] 29 : 
10 | 380.1 J 153.6] 70 | 435.8 | 176.1] 30 : 
548 


: 436.7 | 176.49 531 .0 
12 | 382.0 |154.3] 72 | 437.6 |176.8] 32 548. 9 
13 | 382.9 |154.7] 73 | 438.6 |177.2] 33 549. 8 
14 | 383.9 | 155.15 74 | 439.5 [177.6] 34 500. 7 
15 | 384.8 ; 155.5} 75 | 440.4 [177.9] 35 561.7 
16 | 385.7 | 155.8] 76 | 441.3 178.3] 36 552. 6 
17 | 386.6 | 156.2] 77 | 442.3 |178.79 37 553. 5 
18 | 387.6 | 156.6] 78 | 443.2 |179.1] 38 504. 5 
19 | 388.5 |157.0} 79 | 444.1 [179.4] 39 555. 4 
20 | 389.4 | 157.3] 80 | 445.0 |179.8] 40 556. 3 


y 
2 


In Plane Sailing. 


Forconverting Dep.into Dif. Long.and Diff. Long.into Dep. 
In Middle Latitude Salling. of z o 


Forconverting Dep. into Dif. Long.and Dif. Long.into Dep. 
In Mercator Sailing. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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Page 62] 
Dist. Lat. 
Dist. Dep 


67° (113°, 247°, 293°). 
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In Mercator 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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TABLE 3. 
Difference of Latitude and Departure for 23° (157°, 203°, 337°). 


In Plane Sailing. 


For converting Dep.into Diff. Long.and Diff. Long.into Dep. 
In Middle Latitude Sailing. 


For plete hal BAG to Diff. Long.and Dif’. Long.into Dep. 
In Mercator Salling. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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Page 64] TABLE 3. 
Difference of Latitude and Departure for 24° (156°, 204°, 336°). 


Dist.| Lat. Dep Lat. Dep. | Dist.| Lat. Dep. | Dist.| Lat. Dep. | Dist.| Lat. Dep. 
1 0.91 0.4 55.7 | 24.8 | 121 | 110.5 | 49.2 | 181 | 165.4 | 73.6 | 241 | 220.2] 98.0 
2 18] 0.8 56.6 | 25.2 | 22] 111.5 | 49.6] 82 | 166.3 | 74.0] 42 | 221.1) 98.4 
3 2.7) 1.2 57.6 | 25.6 | 23 | 112.4 | 50.0] 83 | 167.2 | 74.4] 43 | 222.0] 98.8 
4 3.7 | 1.6 58.5 | 26.0] 24 | 113.3 | 50.4] 84 | 168.1] 74.8] 44 | 222.9] 99.2 
5 4.6} 2.0 59.4 | 26.4 | 25 | 114.2 | 50.8] 85 | 169.0 | 75.2] 45 | 223.8) 99.7 
6 5.5] 2.4 60.3 | 26.8 26} 115.1 | 61.2] 86 | 169.9 | 75.7] 46 | 224.7 | 100.1 
7 6.4] 2.8 61.2 | 27.3] 27 | 116.0 | 51.7] 87 | 170.8 | 76.1] 47 | 225.6] 100.5 
8 7.3 | 3.3 62.1 | 27.7 | 28 | 116.9 | 52.1 § 88 1171.7 | 76.54 48 | 226.6 | 100.9 
9 8.2 | 3.7 63.0 | 28.1 | 29 | 117.8 | 52.5] 89 | 172.7 | 76.9% 49 | 227.5 | 101.3 

10 9%1{ 4.1 63.9 } 28.5 | 30] 118.8 | 52.9] 90] 173.6 | 77.3] 50 | 228.4 | 101.7 
11 | 10.0) 4.5 64.9 } 28.9 } 131 | 119.7 | 53.3 174.5 | 77.7 | 251 | 229.3 | 102.1 
12; 11.0] 4.9] 72; 65.8 | 29.3] 32 | 120.6 | 53.7 175.4 | 78.1 | 52 | 230.2} 102.5 
13; 11.9] 5&3] 73 | 66.7! 29.7] 33 | 121.5 | 54.1 176.3 | 78.5 | 63 | 231.1 | 102.9 
14| 12.8; 5.7] 74] 67.6 | 30.1] 34 | 122.4 | 54.5 177.2 | 78.9} 54 | 232.0] 103.3 
15; 13.7] 614 75] 68.5 | 30.5] 35 | 123.8 | 54.9 178.1 | 79.3 | 55 | 233.0 | 103.7 
16; 14.6; 6.5] 76] 69.4 | 30.9] 36 | 124.2 | 55.3 179.1 | 79.7 | 56 | 233.9} 104.1 
17} 15.5] 69§ 77 | 70.3 | 31.8] 37 | 125.2 | 55.7 180.0 | 80.1 | 57 | 234.8 | 104.5 
18| 16.4) 7.3] 78] 71.3 | 31.7] 38 | 126.1 | 56.1 180.9 | 80.5 | 58 | 235.7 | 104.9 
19} 17.4) 7.77 79] 72.2 | 32.1] 39 | 127.0] 56.5 181.8 | 80.9 |] 59 | 236.6 | 105.3 
20; 18.3| 8.1] 80] 73.1] 32.5] 40] 127.9 | 56.9 182.7 | 81.3 | 60 | 237.5 | 105.8 
21; 19.2] 8.5] 81| 74.0 | 32.9 | 141 | 128.8 | 57.3 183.6 | 81.8 | 261 | 238.4 | 106.2 
22; 20.1| 8.9] 82] 74.9 | 33.4] 42 | 129.7 | 57.8 184.5 | 82.2] 62 | 239.3 | 106.6 
23 | 21.0] 9.4] 83 | 75.8 | 33.8] 43 130.6 | 58.2 185.4 | 82.6 § 63 | 240.3 | 107.0 
24] 21.9; 9.8] 84) 76.7 | 34.2] 44 | 1381.6 | 58.6 186.4 | 83.0 § 64 | 241.2 | 107.4 
25 | 22.8| 10.2] 85 | 77.7 | 34.6] 45] 132.5 | 59.0 187.8 | 83.4 § 65 | 242.1 | 107.8 
26 | 23.8/ 10.6] 86| 78.6 | 35.0] 46) 133.4 | 59.4 188.2 | 83.8 | 66 | 243.0 | 108.2 
27 | 24.7) 11.0] 87 | 79.5 | 35.4] 47 | 134.3 | 59.8 189.1 | 84.2 | 67 | 243.9 | 108.6 
28; 25.6; 11.4] 88] 80.4 | 35.8] 48 | 135.2 | 60.2 190.0 | 84.6 — 68 | 244.8 | 109.0 
29} 26.5) 11.8] 89] 81.3 | 36.2] 49 | 136.1 | 60.6 190.9 | 85.0 | 69 | 245.7 | 109.4 
30 | 27.4|12.2] 90 | 82.2 {| 36.64% 507; 137.0 | 61.0 191.8 | 85.4 | 70 | 246.7 | 109.8 
31} 28.3!12.6) 91) 83.1 | 37.09 151 | 137.9 ! 61.4 192.8 } 85.8 | 271 | 247.6 | 110.2 
32 | 29.2]13.0] 92) 84.0] 37.4] 52 | 138.9 | 61.8 193.7 | 86.2 | 72 | 248.5 | 110.6 
33 | 30.1] 13.4] 93] 85.0] 37.8] 53 | 139.8 | 62.2 194.6 | 86.6 | 73 | 249.4 | 111.0 
34] 31.1]13.8] 94] 85.9] 38.2] 54) 140.7 | 62.6 195.5 | 87.0] 74 | 250.3 | 111.4 
35] 32.0] 14.2] 95] 86.8 | 38.6] 55] 141.6 | 63.0 196.4 | 87.4 § 75 | 251.2 | 111.9 
36 | 32.9]14.6] 96! 87.7] 39.0] 56] 142.5 | 63.5 197.3 | 87.9% 76 | 252.1 |] 112.3 
37 | 33.8] 15.0] 97] 88.6] 39.5] 567 | 143.4 | 63.9 198.2 | 88.3 | 77 | 253.1 ] 112.7 
38} 34.7] 15.5 | 98 / 89.5) 39.9] 58 | 144.3 | 64.3 199.2 | 88.7] 78 | 254.0] 113.1 
39 | 35.6] 15.9 99] 90.4] 40.37 59] 145.3 | 64.7 200.1 | 89.1] 79 | 254.9 | 113.5 
40} 36.5]16.3]100] 91.4 | 40.7] 60 | 146.2 | 65.1 201.0 | 89.5 | 80 | 255.8 | 113.9 
41 | 37.5] 16.7] 101 | 92.3 | 41.1 [ 161 | 147.1 | 65.5 201.9 | 89.9 | 281 | 256.7 | 114.3 
42 | 38.4] 17.1] 02| 93.2] 41.5] 62 | 148.0 | 65.9 202.8 | 90.3 | 82 | 257.6 | 114.7 
43 | 39.3] 17.5] 03 | 94.1 | 41.9] 63 | 148.9 | 66.3 203.7 | 90.7 | 83 |] 258.5 | 115.1 
44) 40.2|17.9]7 04] 95.0] 42.3] 64] 149.8 | 66.7 204.6 | 91.1 } 84 | 259.4 | 115.5 
45 | 41.11,18.3] 05] 95.9] 42.7% 65 | 150.7 | 67.1 205.5 | 91.5 | 85 | 260.4 | 115.9 
46 | 42.0{18.7] O6| 96.8 | 43.1 | 66 | 151.6 | 67.5 206.5 | 91.9] 86 | 261.8 | 116.3 
47 | 42.9) 19.1] 07 | 97.7 | 43.5] 67 | 152.6 | 67.9 207.4 | 92.3 7 87 | 262.2 | 116.7 
48} 43.9/19.5 7 08] 98.7] 43.9] 68 | 153.5 | 68.3 208.3 | 92.7 7 88 | 263.1 | 117.1 
49 | 44.8;/19.9] 09] 99.6 [| 44.3] 69 | 154.4 | 68.7 209.2 | 93.1 | 89 | 264.0 | 117.5 
50 | 45.7] 20.3] 10 {| 100.5 | 44.7] 70 | 155.3 | 69.1 210.1 | 93.5 | 90] 264.9 | 118.0 
51 | 46.6 | 20.7 | 111 | 101.4 | 45.1 — 171 | 156.2 | 69.6 211.0 | 94.0 J 291 118. 4 
62 | 47.5) 21.2] 12 | 102.3 | 45.6] 72 157.1] 70.0 211.9 | 94.4] 92 118.8 
53 | 48.4] 21.6] 13 | 103.2) 46.0] 73 | 158.0 | 70.4 212.9 | 94.8 | 93 119. 2 
54 | 49.3 | 22.0] 14) 104.1 | 46.4] 74] 159.0 ‘ 213.8 | 95.2] 94 119.6 
55 | 50.2 | 22.4% 15] 105.1 | 46.8] 75 | 159.9 214.7 | 95.6 | 95 120.0 
56 | 61.2 | 22.8] 16 106.0 | 47.2— 76 | 160.8 215.6 | 96.0] 96 120. 4 
57 | 62.1 | 23.2] 17 | 106.9 | 47.6] 77 | 161.7 216.5 | 96.4] 97 120.8 
58 | 53.0] 23.6] 18 | 107.8 | 48.0] 78 | 162.6 217.4 | 96.8] 98 121.2 
59 | 63.9 | 24.0] 19 | 108.7 | 48.4] 79 | 163.5 218.3 | 97.24 99 121.6 
60 | 54.8 | 24.4] 20] 109.6 | 48.8] 80] 164.4 219.3 | 97.6 § 300 122.0 


In Plane Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For converting a hag Diff. Long. and Diff. Long. into Dep. 
In Mercator Salling. 


For multiplication of numbers by sines and by coSines, or 
solution of piane right-angied triangles. 


TABLE 3. 
Difference of Latitude and Departure for 24° (156°, 204°, 336°). 
pist.| Lat. | Dep. | Dist.| Lat. Dist.} Lat. | Dep. | Dist. 


& 
~] 
2 
S) 
A 


301 | 275.0 | 122.4] 361 | 329.8 | 146.8] 421 | 384.6 |171 2] 481 | 439. 4 | 195.6] 541 
02 | 275.9 | 122.8] 62 | 330.7 [147.2] 22 | 385.5 1171.6] 82 | 440.3 | 196.0 
03 | 276.8 [123.2] 63 | 331.6 | 147.6] 23 | 386.4 |172.0] 83 | 441.2 | 196.5 
04 | 277.7 |123.6] 64 | 332.5 |148.1] 24 | 387.3 |172.5] 84 | 442.2 | 196.9 
05 | 278.6 |124.1) 65 | 333.4 | 148.5] 25 } 388.3 |172.9] 85 | 443.1 | 197.3 
06 | 279.5 | 124.5] 66 | 334.4 [148.9] 26 | 389.2 | 173.3] 86 | 444.0 | 197.7 
07 | 280.5 | 124.9] 67 | 335.3 | 149.3] 27 | 390.1 |173.7] 87 | 444.9 | 198.1 
08 | 281.4 | 125.3] 68 | 336.2 [149.7] 28 | 391.0 | 174.1] 88 | 445.8 | 198.5 
09 | 282.3 | 125.7] 69 | 337.1 |150.1] 29 | 391.9 |1745] 89 | 446.7 | 198.9 
10 | 283.2 |126.1] 70 | 338.0 |150.5] 30 | 392.8 |174.9] 90 | 447.6 | 199.3 
311 | 284.1 |126. 5} 371 | 338.9 | 150.9] 431 | 393.7 [175.3] 491 | 448.6 | 199.7] 551 
12 | 285.0 |126.9— 72 | 339.8 |151.3] 32 | 394.7 [175.7] 92 | 449.5 | 200.1 
13 | 285.9 |127.3] 73 | 340.7 |151.7] 33 | 395.6 | 176.1] 93 | 450.4 | 200.5 


14 | 286.9 {127.7} 74 | 341.7 | 152.1] 34 | 396.5 | 176.5] 94 | 451.3 | 200.9 
15 | 287.8 | 128.1] 75 | 342.6 | 152.57 35 | 397.4 (176.9 95 | 452.2 | 201.3 
16 | 288.7 {128.5 76 | 343.5 | 152.9] 36 | 398.3 [177.3] 96 | 463.1 | 201.7 
17 | 289.6 | 128.9] 77 | 344.4 |153.3] 37 | 399.2 1177.7] 97 | 454.0 | 202.1 
18 | 290.5 | 129.3] 78 | 345.3 | 153.7] 38 | 400.1 | 178.2] 98 | 454.9 | 202. 6 
19 | 291.4 {129.7% 79 | 346.2 | 154.2] 39 | 401.0 '178.6] 99 | 455.9 | 203.0 
20 | 292.3 |130.2— 80 | 347.1 | 154.6] 40 | 402.0 | 179.0] 500 | 456.8 | 203. 4 


321 | 293. 2 | 130.6] 381 | 348.1 | 155. OF 441 | 402.9 | 179.45 501 | 457.7 | 203. 81 561 
22 | 294.2 |13L Of 82 | 349.0 | 155.4] 42 | 403.8 |179.8] 02 | 458.6 | 204. 2 
23 | 295.1 |131.4] 83 | 349.9 | 155.8] 43 | 404.7 |180.2— 03 | 459.5 | 204.6 
24 | 296.0 | 131.8] 84 | 350.8 | 156.2] 44 | 405.6 | 180.6] 04 | 460. 4 | 205.0 
25 | 296.9 | 132.2] 85 | 351.7 | 156.6] 45 | 406.5 [181.0] 05 | 461.3 | 205. 4 
26 | 297.8 | 132.6] 86 | 352.6 |157.0] 46 | 407.4 | 181.4] 06 | 442.3 | 205.8 
27 | 298.7 |133.0§ 87 | 353.5 | 157.4] 47 | 408.4 | 181.8] 07 | 463.2 | 206.2 
28 | 299.6 |133.4— 88 | 354.5 |157.8] 48 | 409.3 | 182.2} 08 | 464.1 | 206.6 
29 | 300.6 1133.8) 89 | 355.4 | 158.2] 49 | 410.2 | 182.6] 09 | 465.0 | 207.0 
30 | 301.5 | 134.29 90 | 356.3 [158.6] 50 | 411.1 |183.0] 10 | 465.9 | 207.4 


331 | 302. 4 | 134.6] 391 | 357. 2 | 159. OF 451 | 412.0 | 183.4] 511 | 466.8 | 207. 8] 571 
32 | 303.3 | 135.0] 92 | 358.1 | 159.4] 52 | 412.9 |183.8] 12 | 467.7 | 208.2 
33 | 304. 2 |135.47 93 | 359.0 | 159.8] 53 | 413.8 |184.3] 13 | 468.6 | 208.7 
34 | 305.1 {135.9} 94 | 359.9 [160.3] 54 | 414.7 1184.7] 14 | 469.6 | 209.1 
35 | 306.0 | 136.3] 95 | 360.9 | 160.7] 55 | 415.7 |185.1]§ 15 | 470.5 | 209.5 
36 | 307.0 |136.7] 96 | 361.8 |161.1] 56 | 416.6 |185.5]— 16 | 471 4 | 209.9 
37 | 307.9 |137.1] 97 | 362.7 |161.5] 57 | 417.5 | 185.9] 17 | 472.3 | 210.3 
38 | 308.8 ]137.5] 98 | 363.6 [161.9] 58 | 418.4 |186.3— 18 | 473.2 | 210.7 
39 | 309.7 }137.9] 99 | 364.5 (162.3) 59 | 419.3 | 186.7] 19 | 474.1 | 2111 
40 | 310. 6 | 138.3] 400 | 365.4 | 162.7] 60 | 420.2 | 187.1] 20 | 475.0 | 211.5 

341 | 311.5 | 138. 7] 401 | 366.3 | 163.1] 461 | 421.1 | 187.59 521 | 476.0 | 211.9] 581 
42 | 312.4 |139.1] 02 | 367.2 | 163.5] 62 | 422.1 |187.9] 22 | 476.9 | 212.3 
43 | 313.3 |139.5] 03 | 368.2 |163.9] 63 | 423.0 |188.3] 23 | 477.8 | 212. 7 
44 | 314.3 [139.9] 04 | 369.1 |}164.3] 64 | 423.9 |188.7] 24 | 478.7 | 213.1 
45 | 315.2 |140.3] 05 | 370.0 | 164.7] 65 | 424.8 | 189.1] 25 | 479.6 | 213.5 
46 | 316.1 | 140.7] 06 | 370.9 |165.1] 66 | 425.7 [189.5] 26 | 480.5 | 213.9 
47 | 317.0 |} 141.1] 07 | 371.8 | 165.5] 67 | 426.6 |189.9] 27 | 481.4 | 214.4 
48 | 317.9 |14L 5] 08 | 372.7 |165.9] 68 | 427.5 | 190.4] 28 | 482.4 | 214.8 
49 | 318.8 | 142.0] 09 | 373.6 | 166.4] 69 | 428.5 |190.8§ 29 | 483.3 | 215. 2 
50 | 319.7 | 142.47 10 | 374.6 |166.8] 70 | 429.4 |191.2— 30 | 484. 2 | 215.6 

351 | 320.7 | 142. 8] 411 | 375. 5 | 167.2] 471 | 430.3 | 191.6] 531 | 485.1 | 216. OF 591 
52 | 321.6 | 143.27 12 | 376.4 | 167.6] 72 | 431.2 {192.0% 32 | 486.0 | 216.4 
53 | 322.5 | 143.6] 13 | 377.3 | 168.0] 73 | 432.1 | 192.4] 33 | 486.9 | 216.8 
54 | 323.4 [144.0] 14 | 378.2 | 168.4] 74 | 433.0 |192.8] 34 | 487.8 | 217.2 
55 | 324.3 [144.47 15 | 379.1 1168.8] 75 | 433.9 [193.2] 35 | 488.7 | 217.6 
56 | 325.2 | 144.8] 16 | 380.0 | 169.2] 76 | 434.8 | 193.6] 36 | 489.7 | 218.0 
57 | 326.1 | 145.2] 17 | 380.9 | 169.6] 77 | 435.8 | 194.0] 37 | 490.6 | 218.4 
58 | 327.0 | 145.6] 18 | 381.9 |170.0] 78 | 436.7 |194.4— 38 | 491.5 | 218.8 
59 | 328.0 | 146.0} 19 | 382.8 |}170.4— 79 | 437.6 |194.8] 39 | 492.4 | 219.2 
60 | 328.9 | 146.4] 20 | 383.7 |170.8] 80 | 438.5 |195.2— 40 | 493.3 | 219.6] 600 


ae 


Dist. | Dep. Lat. | Dist. | Dep. Lat. | Dist.| Dep. Lat. | Dist. | Dep. Lat. | Dist. 


In Plane Sailing. 


Forconverting Dep.into Diff. Long. and Diff. Long.into Dep. 
In Middle Latitude Salling. f = 


Forconverting Dep.into Diff. Long.and Diff. Long.into Dep. 
In Mercator Salling. of a 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


Page 66] TABLE 3. 
Difference of Latitude and Departure for 25° (155°, 205°, 335°). 


Dist.| Lat. Dep. | Dist.| Lat. Dep. | Dist.; Lat. Dep. | Dist.| Lat. . | Dist.| Lat. Dep. 
1 0.9; 0.47 61] 55.8 | 25.8 | 121 | 109.7 | 51.1 § 181 | 164.0 : 218.4 | 101.9 
2 1.8] 0.8} 62] 56.2 | 26.2] 22) 110.6 | 51.6] 82 | 164.9 ; 219.3 | 102.3 
3 2.7) 139 63] 57.1 | 26.6] 23 | 111.5 | 52.0] 83 | 165.9 ‘ 220.2 | 102.7 
4 3.6} 1.7] 64! 58.0] 27.0 24 | 112.4 | 52.4] 84 | 166.8 : 221.1 | 103.1 
5 4.5) 2.1] 65] 58.9] 27.5] 25 | 113.3 | 52.8 § 85 | 167.7 ‘ 222.0 | 103.5 
6 5.4] 2.57 66] 59.8] 27.9] 26 | 114.2 | 53.2] 86 | 168.6 : 223.0 | 104.0 
7 6.3 | 3.0] 67] 60.7 | 28.3] 27 | 115.1 | 53.79 87 | 169.5 : 223.9 | 104.4 
8 7.3| 3.4] 68] 61.6) 28.7] 28] 116.0 | 54.19 88 | 170.4 ; 224.8 | 104.8 
9 8.2] 3.8] 69 | 62.5 | 29.2) 29] 116.9 | 54.5] 89 | 171.8] 79.9 225.7 | 105.2 

10 91] 4.27 70] 63.4] 29.67 30] 117.8 | 54.99 90 | 172.2) 80.3 226.6 | 105.7 
11; 10.0] 4.6 71] 64.3} 30.0] 131 | 118.7 | 55.4 7.191 | 173.1 | 80.7 227.5 | 106.1 
12} 10.9] 5.1] 72) 65.3 | 30.49 32] 119.6 | 55.8 § 92 | 174.0] 81.1 228.4 | 106.5 
13] 11.8] 5.54 73] 66.2 | 30.99 33) 120.5 | 56.2] 93 | 174.9 | 81.6 229.3 | 106.9 
14; 12.7] 5.9] 74] 67.1) 31.38] 34 | 121.4 | 56.6] 94 | 175.8 | 82.0 230.2 | 107.3 
15] 13.6) 6.3] 75 | 68.0] 31.7 | 35 | 122.4 | 57.1] 95 | 176.7 | 82.4 231.1 | 107.8 
16} 14.5] 68] 76] 68.9 | 32.1] 36 | 123.3 | 57.5] 96 | 177.6 | 82.8 232.0 | 108. 2 
17} 15.4] 7.27 77) 69.8) 32.5 § 37 | 124.2 | 57.9] 97 | 178.5 | 83.3 232.9 | 108.6 
18; 16.3) 7.6] 78] 70.7 | 33.07 88 | 125.1 | 58.8] 98 | 179.4 | 83.7 233.8 | 109.0 
19] 17.2| 8.0 79! 71.6] 33.4] 39 | 126.0 | 58.7] 99 | 180.4 | 84.1 234.7 | 109.5 
20} 18.1] 8.5] 80) 72.5 | 33.8 § 40 | 126.9 | 59.2 | 200 | 181.3 | 84.5 235.6 | 109.9 
21{ 19.0} 8.9] 81] 73.4 | 34.2 | 141 | 127.8 | 59.6 | 201 | 182.2 | 84.9 236.5 | 110.3 
22} 19.9| 9.3] 82] 74.3 | 34.7] 42 | 128.7 | 60.0] 02 | 183.1 | 85.4 237.5 | 110.7 
23} 20.8| 9.7] 83] 75.2 | 35.1] 43 | 129.6 | 60.4] 03 | 184.0 | 85.8 238.4 | 111.1 
24) 21.8] 10.19 84] 76.1] 35.5] 44 130.5 | 60.9] 04 | 184.9 | 86.2 239.3 | 111.6 
25 | 22.7| 10.6] 85} 77.0 | 35.9] 45) 131.4 | 61.3] 05 | 185.8 | 86.6 240.2 | 112.0 
26} 23.6] 11.0] 86] 77.9 | 36.3] 46 | 132.3 | 61.7] 06 | 186.7 | 87.1 241.1 | 112.4 
27) 24.5) 11.4] 87) 78.8 | 36.8] 47 | 133.2 | 62.1] 07 | 187.6 | 87.5 242.0 | 112.8 
28; 26.4/)11.8] 88 | 79.8 | 37.2] 48] 134.1 | 62.5] 08 | 188.5 | 87.9 242.9 | 113.3 
29 | 26.3) 12.3] 89] 80.7 | 37.6] 49] 135.0 | 63.0] 09 | 189.4 | 88.3 243.8 | 113.7 
30 | 27.2] 12.7] 90| 81.6 | 38.0] 50 | 135.9 | 63.4] 10 | 190.3 | 88.7 244.7 | 114.1 
31! 28.1] 13.1 § .91 | 82.5 | 38.5 | 151 | 136.9 |} 63.8 § 211 | 191.2 | 89.2 245.6 | 114.5 
32 | 29.0] 13.5 [| 92] 83.4 | 38.9] 52] 137.8 | 64.2] 12 | 192.1 } 89.6 246.5 | 115.0 
33 | 29.9) 13.9] 93 84.3 | 39.3] 53 | 138.7 | 64.77 13 | 193.0 | 90.0 247.4 | 115.4 
34 30.8) 14.4] 94] 85.2 | 39.77 54] 139.6 | 65.1] 14 | 193.9 | 90.4 248.3 | 115.8 
85 | 31.71 14.8] 95} 86.1 | 40.1] 55 | 140.5 | 65.5] 15 | 194.9 | 90.9 249.2 | 116.2 
36 | 32.6] 15.2 — 96] 87.0 | 40.67 56 | 141.4 | 65.9] 16) 195.8 | 91.3 250.1 | 116.6 
37 | 33.5] 15.6] 97 | 87.9) 41.0] 57 | 142.3 | 66.4] 17 | 196.7 | 91.7 251.0 | 117.1 
88 | 34.4] 16.1] 98] 88.8 | 41.4] 58 | 143.2 | 66.8] 18 | 197.6 | 92.1 252.0 | 117.5 
39 | 35.3] 16.5] 99 | 89.7 | 41.8] 59) 144.1 | 67.2] 19 | 198.5 | 92.6 252.9 | 117.9 
40} 36.3] 16.9] 100 | 90.6 | 42.3] 60] 145.0 | 67.6 20 | 199.4 | 93.0 2538. 8 | 118.3 
37.2} 17.3101 | 91.5 | 42.7 | 161 | 145.9 | 68.0 | 221 | 200.3 | 93.4 254.7 | 118.8 
38.1 | 17.7] 02] 92.4 | 43.1 § 62 | 146.8 | 68.5] 22 | 201.2 | 93.8 255.6 | 119.2 
39.0 | 18.2% 03) 93.3 | 43.5 — 63 | 147.7 | 68.9] 23 | 202.1 | 94.2 256.5 | 119.6 
39.9] 18.6 | 04) 94.3 | 44.09 64 | 148.6 | 69.3] 24 | 203.0 | 94.7 257.4 | 120.0 
40.8 | 19.0] 05 | 95.2 | 44.4] 65 | 149.5 | 69.7] 25 | 203.9 | 95.1 258.83 | 120.4 
41.7; 19.4] 06] 96.1) 44.89 66 | 150.4 | 70.2] 26 | 204.8 | 95.5 259. 2 | 120.9 
42.6} 19.9— O7 | 97.0 | 45.2 | 67 | 151.4 | 70.6] 27 | 205.7 | 95.9 260.1 | 121.3 
43.5 | 20.3] 08 | 97.9 | 45.6] 68 | 152.3 | 71.0] 28 | 206.6 | 96.4 261.0 } 121.7 
44.4 | 20.7] C9 | 98.8} 46.1] 69 | 153.2 | 71.4% 29 | 207.5 | 96.8 261.9 | 122. 
45.3 | 21.1] 10] 99.7 | 46.5] 70 | 154.1 | 71.8] 30 | 208.5 | 97.2 262.8 | 122.6 
46.2 | 21.6 | 111 | 100.6 | 46.9 | 171 | 155.0 | 72.3 | 231 | 209. 4 | 97.6 263. 7 | 123.0 
47.1 | 22.0} 12] 1015] 47.39 72 | 155.9 | 72.7] 32] 210.3 | 98.0 264. 6 | 123. 4 
48.0] 22.4] 13 |] 102.4] 47.8] 73) 156.8] 73.1 9 33 | 211.2 | 98.5 265. 5 | 123. 8 
48.9 | 22.8] 14] 103.3 | 482 § 74 | 157.7] 73.5] 34] 212.1) 989 266. 5 | 124 2 
49.8 | 23.2 | 15] 104.2 | 48.69 75) 158.6 | 74.09 35 | 213.0] 99.3 267.4 | 124.7 
50.8 | 23.7 | 16) 105.1 | 49.0 § 76) 159.5 | 744 9 36 | 213.9 | 99.7 268 3 | 125.1 
61.7 | 2419 17] 106.0 | 49.4 § 77 | 1604] 74.8] 37 | 214.8 |100 2 269. 2 | 125.5 
52.6 | 2459 18] 106.9] 49.9] 78] 1613 | 75.2 § 38) 215.7 {100.6 270. 1 | 125. 9 
53.5 | 24.9 § 19] 107.9 | 50.39 79 | 162.2 | 75.6] 39} 216.6 |10L0 271.0 | 126. 4 
54.4} 25.49% 20] 1088 | 50.75 80] 163.1] 76.1 9 40 | 217.5 |101 4 271.9 | 126.8 


Dist.| Dep. Lat. | Dist.| Dep. Lat. | Dist.| Dep. 


In Plane Sailing. 


For converting Dep. into Dif. Long. and Diff. Long. into Dep. 
Iu Middle Latitude Salling. o 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Sailing. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


TABLE 3. 
Difference of Latitude and Departure for 25° (155°, 205°, 335°). 
Lat. Dep. | Dist.| Lat. Dep. | Dist.| Lat. 


327.2 | 152. 6] 421 
22 


331. 7 | 154. 7 ; 
332. 6 | 155.1 441. 4 ; 
333. 5 | 155. 5 442. 3 . 
334. 4 | 155. 9 443. 2 , 
335. 3 | 156. 4 444.1 : 
336. 2 | 156. 8 445. 0 232. 9 
337.1 | 157. 2 445. 9 233. 3 
338. 1 | 157.6 446. 8 233. 7 
339. 0 | 158. 1 447.7 234. 1 
339. 9 | 158.5 448. 6 234. 6 
340. 8 | 158. 9 449. 5 235. 0 
341.7 |159.3 450. 4 235. 4 
342.5 | 159.7 451.3 235. 8 
$43. 5 | 160. 2 452. 2 236. 2 
344. 4 | 160. 6 453. 2 236. 7 
345. 3 | 161.0 454. 1 ‘237.1 
346. 2 | 161. 4 455. 0 237. 5 
347.1 | 161.9 455. 9 237.9 
348. 0 | 162.3 456. 8 238. 4 
348.9 | 162. 7 457. 7 238. 8 
349. 8 | 163.1 458. 6 239. 2 
350. 7 | 163. 6 459. 5 239. 6 
351. 6 | 164. 0 460. 4 240. 0 
352. 6 | 164. 4 461.3 240. 5 
; 240. 9 
241.3 
241.7 
, 242. 2 
. 242. 6 
A 243. 0 
, 243. 4 
: 243. 9 
: 244.3 
. 244. 7 
: 245. 1 
363. 4 | 169. 6 472. 2 245. 5 
364. 3 | 169. 9 473.1 246. 0 
365. 2 | 170.3 474.0 246. 4 
366.1 | 170. 7 474. 9 246. 8 
367.1 {171.2 475. 8 247. 2 
368. 0 | 171.6 476. 7 247.7 
368. 9 | 172.0 477.8 248.1 
369. 8 | 172. 4 478. 5 248. 5 
370. 7 | 172.9 479. 4 248. 9 
371. 6 | 173.3 480. 3 249. 3 
372. 5 | 173. 7 481.2 249. 8 
373.4 1741 482.1 250. 2 
374.3 |174.5 483.1 250. 6 
375. 2 | 175. 0 482.0 251.0 
376.1 | 175. 4 484.9 251.5 
377. 0 | 175.8 485. 8 251. 9 
377.9 | 176.2 486. 7 252. 3 
378. 8 | 176. 7 487.6 252. 7 
379.7 |177.1 488. 5 253. 1 
380. 6 | 177.5 489. 4 253. 6 
Dep. Lat. | Dist. | Dep. Lat. | Dist. | Dep. Lat. 


65° (115°, 245°, 295°), 


In Plane Sailing. 


Forconverting Dep.into Diff. Long.and Diff. Long.into Dep. 
In Middle Latitude Sailing. y oy 


Forconverting Dep. into Dif. Long.and Diff. Long.into Dep. 
ailing. 


In Mereator 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled t es. 
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Difference of Latitude and Departure for 26° (154°, 206°, 834°). 
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In Plane Sailing. 


Forconverting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 
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In Mercator Sa 


For multiplication of numbers by sines and by cosines, 


solution of plane right-angled triangles. 
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TABLE 3. 
Difference of Latitude and Departure for 26° (154°, 206°, 334°). 
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In Plane Sailing. 


Forconverting Dep.into Diff. Long. and Diff. Long.into Dep. Dif. 
In Middle Latitude Sailing. Long. 


Forconverting Dep.into Diff. Long.and Diff. Long.into Dep. Diff. 
In Mercator Salling. _ Long. 


Far multiplication of numbers by sines and by cosines, or iy nis es N x a 
solution of plane right-angled t gies. Adj. Opp. 
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Dist.| Lat. 
1 0.9 
2 1.8 
3 2.7 
4 3.8 
5 4.5 
6 5.3 
7 6.2 
8 7.1 
9 8.0 
10 8.9 
ll 9.8 
12| 10.7 
13; 11.6 
14| 12.5 
15 | 13.4 
16 | 14.3 
17} 15.1 
18} 16.0 
19] 16.9 
20] 17.8 
21 | 18.7 
22] 19.6 
23 | 20.5 
24] 21.4 
25 | 22.3 
26 | 23.2 
27) 24.1 
28 | 24.9 
29 | 25.8 
30 | 26.7 
31 | 27.6 
32 | 28.5 
33 | 29.4 
34 | 30.3 
35 | 31.2 
36 | 32.1 
37 | 33.0 
38 | 33.9 
39 | 34.7 
40] 35.6 
41 | 36.5 
42| 37.4 
43] 38.3 
44} 39.2 
45} 40.1 
46] 41.0 
47 | 41.9 
48 |} 42.8 
49 | 43.7 
50 | 44.6 
51 | 45.4 
52 | 46.3 
53 | 47.2 
54| 48.1 
55 | 49.0 
56 | 49.9 
57 | 60.8 
58} 51.7 
59 | 52.6 
60| 53.5 
Dist. | Dep 


TABLE 3. 


Difference of Latitude and Departure for 27° (153°, 207°, 333°). 


R 


SASSSAASaL 
PN ARTIOOOm be 


SSSASAES SSN A SSSISRASES 
NOLAND ORM NW Oh OID DW OON OD 


SSISARASTS A 
rm bow ROIS OOO 


0. 
0. 
1. 
i, 
2. 
2. 
3. 
3. 
4. 
4. 
5. 
5. 
5. 
6. 
6. 
ds 
(e 
8. 
8. 
9. 
9. 
0. 
0. 
0. 
de 
1. 
2. 
2. 
3. 
3. 
4. 
4. 
5. 
D. 
D. 
6. 
6. 
7. 
7. 
8. 
8. 
9. 
9. 
0. 
0. 


“TDS O09 DO mS OF 2) B19 NI OW DO HO TH SBNONWDKO OH OOH ANWNWOAh OHO OHM AW AGW OG 


1 
] 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
20 
21. 
2 
22. 
22. 


owe ico ok-ok-/ok-o) ce 
DUDA BOK OS 
CS bo hr O71 T OO 


© 
oO 


S38 
=I CO © 


dN 0008 DO OOM ON 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
Inu Middle Latitude Salling. 


For converti pep snton ff. Long.and Diff. Long. into Dep. 
ge 


In Mercator Sal 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. ; 


Dep. | Dist. 
82.2] 241 
82.6] 42 
83.1] 43 
83.5] 44 
84.0] 45 
84.41 46 
84.9] 47 
85.41 48 
85.8] 49 
86.37 50 
86.7 I 251 
87.29 52 
87.6] 53 
88.1] 64 
88.5] 55 
89.04 56 
89.48 57 
89.9]— 58 
90.3] 59 
90.87 60 
¥1.3 | 261 
91.7] 62 
92.27 63 
92.6] 64 
93.1]. 65 
93.5) 66 
94.0] 67 
94.47 68 
94.9] 69 
95.34 70 
95.8 | 271 
96.21 72 
96.7] 73 
97.2] 74 
97.61 75 
98.1} 76 
98.5] 77 
99.0] 78 
99.4] 79 
99.97 80 

100.3 | 281 

100.8] 82 

101.27 83 

101.7] 84 

102.1] 85 

102.6] 86 

103.1] 87 

103.5] 88 

104.0— 89 

104.4] 90 

104.9 f 291 

105.3] 92 

105.8] 93 

106.2] 94 

106.7] 95 
107.1] 96 
107.6} 97 
108.0] 98 
108.5] 99 

109.0 § 300 

Lat. | Dist. 
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TABLE 3. 


Difference of Latitude and Departure for 27° (153°, 207°, 333°). 


Dist.| Lat. Dep. | Dist. | Lat. | Dep. | Dist. Dep. | Dist. | Lat. Dep. } Dist.| Lat. Dep. 
301 | 268.2 | 136.7) 361 | 321.7 | 163.9] 421 191.1] 481 | 428.6 | 218.4] 541 | 482.0 | 245.6 
02 | 269.1 | 137.1] 62 | 322.5 | 164.3] 22 191.6] 82 | 429.5 | 218.8 482.9 | 246.1 
03 | 270.0 | 137.6] 63 | 323.4 | 164.8] 23 192.0] 83 | 430.4 | 219.3 483.8 | 246.5 
04 | 270.9 | 138.0] 64 | 324.3 [165.3] 24 192.5] 84 | 431.2 | 219.7 484. 7 | 247.0 
05 | 271.8 | 138.5] 65 | 325.2 | 165.7 : 432.1 | 220. 2 485.6 | 247.4 
06 | 272.6 | 138.97 66 | 326.1 | 166.2 433. 0 | 220. 6 486.5 | 247.9 
07 | 273.5 | 139.4] 67 | 327.0 | 166.6 433.9 | 221.1 487.4 | 248.3 
08 | 274.4 | 139.8] 68 | 327.9 | 167.1 434.8 | 221.5 488.3 | 248.8 
09 | 275.3 | 140.3] 69 | 328.8 | 167.5 435. 7 | 222.0 489, 2 | 249. 2 
10 | 276.2 | 140.7] 70 | 329.7 | 168.0 436. 6 | 222.5 490.1 | 249.7 
311 | 277.1 | 141.28 371 | 330.6 | 168.4 437.5 | 222.9] 551 | 490.9 | 250.1 
12 | 278.0 | 141.6] 72 | 331.5 | 168.-9 438. 4 | 223.4 491.8 | 250.6 
13 | 278.9 | 142.1] 73 | 332.3 | 169.3 439. 3 ' 223.8 492.7 | 251.1 
14 | 279.8 | 142.6] 74 | 333.2 | 169.8 440. 2 , 224.3 493.6 | 251.5 
15 | 280.7 | 143.0] 75 | 334.1 |170. 2 441.0 | 224.7 494.5 | 252.0 
16 | 281.6 | 143.5] 76 | 335.0 | 170.7 441.9 | 225. 2 495. 4 | 252. 4 
17 | 282.4 | 143.9] 77 | 335.9 [171.2 442.8 | 225. 6 496.3 | 252.9 
18 | 283.3 | 144.4] 78 | 336.8 | 171.6 443.7 | 226.1 497.2 | 253.3 
19 | 284.2 | 144.8] 79 | 337.7 |172.1 444.6 | 226.5 498.1 | 253.8 
20 | 285.1 | 145.37 80 | 338.6 | 172.5 445. 5 | 227.0 499.0 | 254. 2 
321 | 286.0 | 145. 7] 381 | 339.5 | 173.0 446. 4 | 227.4 499.9 | 254.7 
22 | 286.9 | 146.2) 82 | 340.4 | 173.4 447.3 | 227.9 500.7 | 255. 1 
23 | 287.8 | 146.6] 83 | 341.3 | 173.9 448. 2 | 228. 4 501. 6 | 255. 6 
24 | 288.7 | 147.1] 84 | 342.1 | 174.3 449. 0 | 228.8 502.5 | 256.1 
25 | 289.6 | 147.5] 85 | 343.0 | 174.8 450.0 | 229.3) 65 | 503.4 | 256.5 
26 | 290.5 | 148.0] 86 | 343.9 | 175.2 450.8 | 229.7] 66 | 504.3 | 257.0 
27 | 291.4 | 148.5] 87 | 344.8 | 175.7 451.7 | 230.2] 67 | 505.2 | 257.4 
28 | 292.3 | 148.9] 88 | 345.7 | 176.1 452.6 | 230.6] 68 | 506.1 | 257.9 
29 | 293.1 | 149.4] 89 | 346.6 | 176.6 453.5 | 231.1] 69 | 507.0 | 258.3 
30 | 294.0 | 149.8] 90 | 347.5 [177.1 454.4 | 231.54 70 | 507.9 | 258.8 
331 | 294.9 | 150. 3] 391 | 348. 4 | 177.5 455. 3 | 232.0] 571 | 508. 8 | 259. 2 
32 | 295.8 | 150.7] 92 | 349.3 | 178.0 456. 2 | 232.4] 72 | 509.6 | 259. 7 
33 | 296.7 | 151.2] 93 | 350. 2 | 178. 4 457.1 | 232.9] 73 |} 510.5 | 260.1 
34 | 297.6 [151.6] 94 | 351.1 | 178.9 458.0 | 233.4) 74} 511.4 | 260.6 
35 | 298.5 1152.1] 95 | 351.9 | 179.3 458.9 | 233.8] 75 | 512.3 | 261.0 
36 | 299.4 1152.5] 96 | 352.8 459. 8 | 234.3% 76 | 513.2 | 261.5 
37 | 300.3 | 153.0] 97 | 353.7 460.7 | 234.7] 77 | 514.1 ] 262.0 
38 | 301.2 | 153.4) 98 | 354.6 461.5 | 235.2) 78 | 515.0 | 262.4 
39 | 302.1 | 153.9] 99 | 355. 5 462.4 | 235.6] 79 | 515.9 | 262.9 
40 | 302.9 | 154.49 400 | 356. 4 463.3 | 236.1] 80 | 516.8 | 263.4 
341 | 303. 8 | 154.8] 401 | 357.3 464. 2 | 236. 5] 581 | 517.7 | 263.8 
42 | 304.7 }155.3] 02 | 358.2 465.1 | 237.0] 82 | 518.6 | 264.2 
43 | 305.6 | 155.7) 03 | 359.1 466.0 | 237.4] 83 | 519.5 | 264.7 
44 | 306.5 | 156.2] 04 | 360.0 466.9 | 237.9] 84 | 520.3 | 265.1 
45 | 307.4 | 156.64) 05 | 360.9 467.8 | 238.3] 85 | 521.2 | 265.6 
46 | 308.3 | 157.1] 06 | 361.8 468.7 | 238.8] 86 | 522.1 | 266.0 
47 | 309.2 | 157.5] 07 | 362.6 469.6 | 239.3] 87 | 523.0 | 266.5 
48 | 310.1 | 158.07 08 | 363.5 470. 5 | 239.7] 88 | 523.9] 266.9 
49 | 311.0 | 158.4] 09 | 364.4 471.3 | 240.2] 89 | 524.8 | 267.4 
50 | 311.9 | 158.9] 10 | 365.3 472.2 | 240.64 90 | 525.7 | 267.9 
301 | 312.7 | 159.4] 411 | 366. 2 473.1 | 241.1] 591 | 526.6 | 268.3 
52 | 313.6 [159.8] 12 | 367.1 474.0 | 241.5] 92 | 527.5 | 268.8 
53 | 314.5 | 160.37 13 | 368.0 474.9 | 242.0] 93 | 528.4 | 269.2 
54 | 315.4 | 160.7] 14 | 368.9 475.8 | 242.4] 94 | 529.3 | 269.7 
55 | 316.3 | 161.27 15 | 369.8 476.7 | 242.9) 95 | 530.1 | 270.1 
56 | 317.2 | 161.67 16 | 370.7 477.6 | 243.3] 96 | 531.0 | 270.6 
57 | 318.1 |162.1] 17 | 371.5 478.5 | 243.8] 97 | 531.9 | 271.0 
58 | 319.0 | 162.5] 18 | 372.4 479.4 | 244.2] 98 | 532. 8; 271.5 
59 | 319.9 | 163.0] 19 | 373.3 480.3 | 244.7] 99 | 533.7 | 271.9 
60 | 320.8 | 163.4] 20 | 374.2 481.1 | 245. 2] 600 | 534.6 | 272.4 
Dist. | Dep. Lat. | Dist. | Dep. Dep. Lat. | Dist. | Dep. Lat. 


In Plane Salling. 


For converting Dep.into Diff. Long. and Diff. Long.into D -_ 
_in Muadile Latitude Sailing. y- a 


a Long.and Diff. Long. into Dep. 


~ For convertin 
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For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles by 


Page 72] TABLE 3. 
Difference of Latitude and Departure for 28° (152°, 208°, 382°). 

Dist.| Lat. Dep. | Dist Lat Dep Lat Dep. | Dist. | Lat Dep. } Dist.| Lat. 
1 0.9/ 0.5] 61] 53.9 | 28.6 106.8 | 56.8 | 181 | 159.8 | 85.0] 241 | 212.8 
2 1.8] 0.99) 62] 54.7] 29.1 107.7 | 57.38 | 82 | 160.7 | 85.4] 42 | 213.7 
3 2.6,| 1.4] 63] 55.6] 29.6 108.6 | 57.7 | 83 | 161.6] 85.9] 43 | 214.6 
4 3.5] 1.9] 64] 56.5 | 30.0 109.5 | 58.2 | 84 | 162.5 | 86.4] 44 | 215.4 
5 4.4) 2.3] 65] 57.4] 30.5 110.4 | 58.7 | 85 | 163.3 | 86.97 45 | 216.3 
6{/ 5.3) 2.8] 66] 58.3 | 31.0 111.3 | 59.2 | 86 | 164.2 | 87.8] 46 | 217.2 
7 6.2; 3.3] 67 | 59.2 {| 31.5 112.1 | 59.6} 87 | 165.1 | 87.8] 47 | 218.1 
8 7.1] 3.8) 68] 60.0; 31.9 113.0 |] 60.1 f— 88 | 166.0 | 88.3] 48 | 219.0 
9 7.9| 4.24% 69] 60.9] 32.4 113.9 | 60.6 | 89 | 166.9 | 88.7] 49] 219.9 

10 8.8 | 4.77 70{ 61.8 | 32.9 114.8 | 61.0] 90 | 167.8 | 89.2] 50 | 220.7 
ll 9.7) 529 7L] 62.7 | 33. 115.7 | 61.5 168.6 | 89.7] 251 | 221.6 
12} 10.6] 5.647 72] 63.6 116.5 | 62.0 169.5 | 90.1] 52 | 222.5 
13; 11.5] 617 73] 64.5 117.4 | 62.4 170.4 | 90.67 63 | 223.4 
14] 12.4] 6.6] 74] 65.3 118.3 | 62.9 171.3 | 91.17 54 | 224.3 
15} 13.2}; 7.0] 75] 66.2 119. 2 | 63.4 172.2 | 91.5] 55 | 225.2 
16; 14.1) 7.5] 76]| 67.1 120.1 | 63.8 173.1 | 92.0] 56 | 226.0 
17] 15.0] 8.0] 771] 68.0 121.0 | 64.3 173.9 | 92.5] 57 | 226.9 
18; 15.9] 8.57 78] 68.9 121.8 | 64.8 174.8 | 93.0] 58 | 227.8 
19}; 16.8] 89] 79] 69.8 122.7 | 65.3 175.7 | 93.4] 59 | 228.7 
20 | 17.7| 9.4] 80| 70.6 123.6 | 65.7 176.6 | 93.9] 60 | 229.6 
21; 18.5] 9.9] 81] 71.5 124.5 | 66.2 177.5 | 94.4] 261 | 230.4 
22| 19.4]10.3] 82| 72.4 125.4 | 66.7 178.4 | 94.8] 62 | 231.3 
23 | 20.3) 10.8] 83] 73.3 126.3 | 67.1 179.2 | 95.3] 63 | 232.2 
24{ 21.2) 11.3] 84] 74.2 127.1 | 67.6 180.1 | 95.8] 64 | 233.1 
20 | 22.1] 11.7] 85] 75.1 128.0 | 68.1 181.0 | 96.27 65 | 234.0 
26 | 23.0| 12.2] 86] 75.9 128.9 | 68.5 181.9 | 96.7] 66 | 234.9 
27 | 23.8|12.7] 871 76.8 129.8 | 69.0 182.8 | 97.29 67 | 235.7 
28 | 24.7) 13.1] 88 | 77.7 180.7 | 69.5 183.7 | 97.7] 68 | 236.6 
29] 25.6) 13.6] 89] 78.6 131.6 | 70.0 184.5 | 98.1] 69 | 237.5 
30 | 26.5 | 14.1] 90] 79.5 132. 4 | 70.4 185.4 | 98.6] 70 | 238. 4 
31; 27.41 14.67 91] 80.3 133.3 | 70.9 186.3 | 99.1] 271 | 239.3 
32} 28.3) 15.0] 92] 81.2 134.2 | 71.4 187.2 | 99.5% 72 | 240.2 
83 | 29.11 15.57 93 | 82.1 135.1 | 71.8 188.1 |100.0} 73 | 241.0 
34] 30.0] 16.07 94] 83.0 136.0 | 72.3 189.0 | 100.57 74 | 241.9 
35 | 30.9] 16.4], 95] 83.9 136.9 | 72.8 189.8 |100.9] 75 | 242.8 
36 | 31.8] 16.97 96| 84.8 137.7 | 73.2 190.7 {101.49 76 | 243.7 
37 | 32.7 |17.4 § 97] 85.6 138.6 | 73.7 191.6 [101.9] 77 | 244.6 
38} 33.6117.8] 98] 86.5 139.5 | 74.2 192.5 | 102.39 78 | 245.5 
39 |} 34.4/18.3 7 99 | 87.4 i40. 4 | 74.6 193.4 |102.8— 79 | 246.3 
40 | 35.3] 18.8]100| 88.3 141.3 | 75.1] 20 | 194.2 | 103.3] 80 | 247.2 
41] 36.2; 19.2] 101 | 89.2 142.2 | 75.6 195.1 | 103.8f 281 | 248.1 
42} 37.1, 19.7] 02] 90.1 143.0 | 76.1 196.0 {104.2% 82 | 249.0 
43] 38.0] 20.2] 03] 90.9 143.9 | 76.5 196.9 | 104.7% 83 | 249.9 
44| 38.8] 20.7] O04] 91.8 144.8 | 77.0 197.8 | 105.2] 84 | 250.8 
45 | 39.7) 21.1] 05] 92.7 145.7 | 77.5 198.7 | 105.6] 85 | 251.6 
46 | 40.6) 21.6] 06] 93.6 146.6 | 77.9 199.5 |106.1f 86 | 252.5 
47} 41.5] 22.1] 07 | 94.5 147.5 | 78.4 200.4 | 106.68 87 | 253.4 
48 | 42.4) 22.5] O08] 95.4 148.3 | 78.9 — 28 | 201.3 }107.07 88 | 254.3 
49 | 43.3 | 23.07 08) 96.2 149.2 | 79.3 | 29 | 202.2 [107.5] 89 | 255.2 
50 | 44.1] 23.57 10] 97.1 150.1 | 79.8 | 30 | 203.1 | 108.0] 90 | 256.1 
51 |] 45.0} 23.94 111] 98.0 151.0 | 80.3 204.0 | 108.4§ 291 | 256.9 
62] 45.9 | 24.47 12] 98.9 151.9 | 80.7 204.8 {108.91 92 | 257.8 
63 | 46.8) 24.97 13] 99.8 152.7 | 81.2 205.7 |109.49 93 | 258.7 
54] 47.7 | 25.417 14 | 100.7 153.6 | 81.7 206.6 |109.9§ 94 | 259.6 
55 | 48.6] 25.8] 15] 101.5 154.5 | 82.2 207.5 |110.3] 95 | 260.5 
56 | 49.4 / 26.3] 16 | 102.4 155. 4 | 82.6 208.4 |110.8] 96 | 261.4 
57 | 60.3) 26.8] 17 | 103.3 156.3 | 83.1 209.3 {111.31 97 | 262.2 
58} 61.2] 27.2§ 18 | 104.2 157.2 | 83.6 210.1 }111.7] 98 | 263.1 
59} 62.1] 27.79 19] 105.1 158.0 | 84.0 211.0 |112.27 99 | 264.0 
60 | 53.0 | 28.27 20 | 106.0 158.9 | 84.5 211.9 | 112.7] 300 | 264.9 
Dist.; Dep. Lat. | Dist. | Dep. Dist.| Dep Dep Lat. | Dist.| Dep 


In Plane Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Sailing. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


TABLE 8. 


Difference of Latitude and Departure for 28° (152°, 208°, 332°). 
Dist. | Lat. Dep. | Dist. P ; - Dep. } Dist.} Lat. Dep. 


$01 | 265.8 | 141.3] 361 
02 | 266.7 |141.8] 62 
03 | 267.5 |142.2] 63 
04 | 268.4 |142.7] 64 
05 | 269.3 | 143.2] 65 
06 | 270.2 | 143.7] 66 
07 | 271.1 | 144.1] 67 
08 | 271.9 | 144.6] 68 
09 | 272.8 | 145.1] 69 
10 | 273.7 |145.5] 70 

311 | 274.6 | 146.0] 371 
12 | 275.5 |146.5] 72 
13 | 276.4 {146.9} 73 
14 | 277.2 |147.4] 74 
15 | 278.1 |147.99 75 
16 | 279.0 
17 | 279.9 
18 | 280.8 
19 | 281.7 
20 | 282.5 

321 | 283.4 
22 | 284.3 
23 | 285.2 
24 | 286.1 
25 | 287.0 
26 | 287.8 
27 | 288.7 
28 | 289.6 
29 | 290.5 
30 | 291.4 


Forconverting Dep.into Diff. Long. and Diff. Long.into Dep. 


In Middle Latitude Sailing. 


For pees Se ra Dif. Long. and Diff. Long.into Dep. 
In Mercator Sailing. 


For multiplication of numbers by a and by cosines, or 
solution of plane right-angled triangles 


424.7 1295.8 
425.6 |226.3 
426.5 | 226.8 
427.3 |227.2 
428, 2 | 297.7 
429.1 | 228. 2 
430.0 | 228.6 
430.9 | 229.1 
431.8 | 229.6 
432. 6 | 230.0 


434.4 | 231.0 
435.3 | 231.4 
436.2 | 231.9 
437.1 | 232.4 
437.9 | 232.9 
438.8 | 233.3 
439.7 | 233.8 
440.6 | 234.3 
441.5 | 234.7 


442.4 | 235.2 


443.2 | 235.7 
444.1 | 236.1 
445.0 | 236.6 
445.9 | 237.1 
446.8 | 237.6 
447.7 | 238.0 
448.5 | 238.5 
449.4 | 239.0 
450.3 | 239. 4 


451.2 | 239.9 


452.1 | 240.4 
453.0 | 240.8 
453.8 | 241.3 
454.7 | 241.8 
456.6 | 242.2 
456.5 | 242.7 
457.4 | 243.2 
458.2 | 243.7 
459.1 | 244.1 


“460. 0 | 244.6 


460.9 | 245.1 
461.8 | 245.5 
462.7 | 246.0 
463.5 | 246.5 
464.4 | 246.9 
465.3 | 247.4 
466.2 | 247.9 
467.1 | 248.4 
468.0 | 248.8 


468.8 | 249.3 


469.7 | 249.8 
470.7 | 250. 2 
471.5 | 250.7 
472.4 |251.2 
473.3 | 251.6 
474.1 | 252.1 
475.0 | 252.6 
475.9 | 253.0 
476.8 | 253.5 


Dep. Lat. 


541 


433.5 | 230.5 
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TABLE 3. 


Difference of Latitude and Departure for 29° (151°, 209°, 331°). 


Dep. | Dist. | Lat. Dep. 
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Dist.| Lat. Dep. | Dist. 


121 | 105.8 | 58.7 | 181 
. 22 | 106.7 | 59.1 | 82 
23 | 107.6 | 59.6 § 83 
24 | 108.5 | 60.1] 84 
25 | 109.3 | 60.6 § 85 
26 | 110.2 | 61.1] 86 
27 | 111.1 | 61.6} 87 
28 | 112.0 | 62.1 § 88 
29 | 112.8 | 62.5] 89 
30 | 113.7 | 63.0 | 90 
131 | 114.6 | 63.5 | 191 
32 | 115.4 | 64.0] 92 
33 | 116.8 | 64.5] 93 
34 |] 117.2 | 65.0] 94 
35 | 118.1 | 65.47 95 
36 | 118.9 | 65.97 96 
37 | 119.8 | 66.4] 97 
38 | 120.7 | 66.9] 98 
39 | 121.6 | 67.4] 99 
40 | 122.4 | 67.9 | 200 
141 | 123.3 | 68.4 | 201 
42 | 124.2 | 68.8 f 02 
43 | 125.1 | 69.3] 03 
44 | 125.9 | 69.8] 04 
45 | 126.8 | 70.3 | 05 
46 | 127.7 | 70.8 | 06 
47 | 128.6 | 71.3 § 07 
48 | 129.4] 71.8] 08 
49 | 130.3 | 72.2] 09 
50 | 131.2 | 72.74 10 
151 | 132.1 | 73.2 | 211 
52 | 132.9 | 73.7 § 12 
53 | 133.8 | 74.2 § 13 
54 | 134.7 | 74.77 14 
55 | 135.6 | 75.1 15 
56 | 136.4 | 75.6 § 16 
57 | 1387.3 | 76.1] 17 
58 | 138.2 | 76.67 18 
59 | 1389.1 | 77.1] 19 
60 | 139.9 | 77.6 | 20 
161 | 140.8 | 78.1 | 221 
62 | 141.7 | 78.5 4 22 
63 | 142.6 | 79.0] 23 
64 | 143.4 | 79.5 | 24 
65 | 144.3 | 80.0 f 25 
66 | 145.2 | 80.5 | 26 
67 | 146.1 | 81.0] 27 
68 | 146.9 | 81.4] 28 
69 | 147.8 | 81.9] 29 
70 | 148.7 | 82.4] 30 
171 | 149.6 | 82.9 § 231 
72 | 150.4 | 83.4] 32 
73 | 161.3 | 83.9 § 33 
74 | 152.2 | 84.4] 34 
75 | 153.1 | 84.8 § 35 
76 | 153.9 | 85.39 36 
77 | 154.8 | 85.8 | 37 
78 | 155.7 | 86.39 38 
79 | 156.6 | 86.8 39 
80 | 157.4 | 87.3] 40 
Dist.| Dep. Lat. jj Dist. 
61° (119°, 241°, 299°). 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 


In Middle Latitude Sailing. 


For eter: Diff. Long. and Diff. Long. into Dep. 


In Mercato: 


For multiplication of numbers 
solution of plane right-angied 


by sines and by cosines, or 
triangles. 
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181.9 | 100.8 
182.8 | 101.3 
183. 7 | 101.8 


184.5 | 102.3 


185. 4 | 102.8 
186.3 | 103.3 
187.2 | 103. 7 
188.0 | 104. 2 
188.9 | 104.7 
189. 8 | 105. 2 
190. 7 | 105. 7 
191.5 | 106. 2 
192.4 | 106.7 


193.3 | 107.1 


194. 2 | 107.6 
195.0 | 108.1 
195. 9 | 108. 6 
196. 8 | 109.1 
197.7 | 109.6 
198.5 | 110.1 
199. 4 | 110.5 
200.3 | 111.0 
201.2 {111.5 
202.0 | 112.0 
202.9 1112.5 
203. 8 | 113.0 
204.7 1113.4 
205. 5 | 113.9 
206.4 | 114.4 
207.3 | 114.9 
208.2 | 115.4 
209.0 | 115.9 
209.9 | 116.4 
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TABLE 3. [Page 75 
Difference of Latitude and Departure for 29° (151°, 209°, 331°). 
Dep. | Dist. | Lat. Dep. | Dist.| Lat. Dep. | Dist.| Lat. Dep. | Dist. 


145. 9} 361 | 315.7 | 175.0] 421 | 368.2 | 204.1] 481 | 420.7 | 233.2] 541 
146.4} 62 | 316.6 1175.5) 22 | 369.1 | 204.6] 82 | 421.6 | 233.7 
146.9] 63 | 317.5 1176.0] 23 | 370.0 | 205.1] 83 | 422.4 | 234.2 
147.4] 64] 318.4 1176.5] 24 | 370.8 | 205.6] 84 | 423.3 | 234.6 
147.9] 65 | 319.2 |177.0] 25 | 371.7 | 206.0} 85 | 424.2 | 235.1 
148.4 66 | 320.1 |177.4] 26 | 372.6 | 206.5] 86 | 425.1 | 235.6 
148.8] 67 | 321.0 |177.9] 27 | 373.5 | 207.0] 87 | 425.9 | 236. J. 
149.3] 68 | 321.9 |178.4] 28 | 374.3 | 207.5] 88 | 426.8 | 236.6 
149.8] 69 | 322.7 {178.9} 29 | 375.2 | 208.0] 89 | 427.7 | 237.1 
150.3] 70 | 323.6 | 179.4] 30 | 376.1 | 208.5] 90 | 428.6 | 237.6 

150. 8§ 371 | 324.5 | 179.9] 431 | 377.0 | 209.0% 491 | 429. 4 | 238. OF 551 
151.3] 72 | 325.4 | 180.3] 32 | 377.8 | 209.4] 92 | 430.3 | 238.55 

15L. 7] 73 | 326.2 | 180.8] 33 | 378.7 | 209.9] 93 | 431.2 | 239.0 


152.2] 74 | 327.1 | 181.3] 34 | 379.6 | 210.4] 94 
152 7] 75 | 328.0 | 181.8] 35 | 380.5 |210.9) 95 
153.2] 76 | 328.9 1182.3] 36 | 381.3 |211.4] 96 
153.74 77 | 329.7 | 182.8] 37 | 382.2 |211.9] 97 


SESS 
Go Go 0 OS 
ie oe 
“1006 
5 
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154.2] 78 | 330.6 |183.3] 38 | 383.1 | 212.3] 98 | 433.6 | 241.4 
154.7] 79 | 33L 5 | 183.7] 39 | 384.0 | 212.8] 99 | 436.4 | 241.9 
155.1} 80 | 332.4 | 184.2] 40 | 384.8 | 213.3] 500 | 437.3 | 242. 4 
155. 6] 381 | 333.2 | 184 7 | 441 | 385.7 | 213.8] 501 | 438.2 | 242.97 561 
156.1 82 | 334.1 | 185.2] 42 | 386.6 |2143] 02 | 439.1 | 243. 4 
156.6% 83 | 335.0 | 185.7] 43 | 387.5 |214.8] 03 | 439.9 | 243.9 
157.1] 84 | 335.9 | 186.2] 44 | 388.3 | 215.3] 04 | 440.8 | 244.3 
157.6] 85 | 336.7 |186.7] 45 | 389.2 | 215.7] 05 | 441.7 | 244.8 
158.0] 86 | 337.6 | 187.1] 46 | 390.0 | 216.2 06 | 442.6 | 245.3 
158.5 87 | 338.5 |187.6]% 47 | 391.0 |216.7] 07 | 443.4 | 245.8 
159.0] 88 | 339.4 |188.1] 48 | 391.8 | 217.2] 08 | 444.3 | 246.3 
159.57 89 | 340.2 | 188.6] 49 | 392.7 | 217.7] 09 | 445.2 | 246.8 
160.0} 90 | 341.1 | 189.1] 50 | 393.6 |218.2§ 10 | 446.1 | 247.3 
160.5 | 391 | 342.0 | 189.6] 451 | 394.5 | 218.6] 511 | 446.9 | 247.717 571 
161.0] 92 | 342.9 | 190.0] 52 | 395.3 |219.1] 12 | 447.8 | 248.2 
161.4] 93 | 343.7 | 190.5] 53 | 396.2 | 219.6] 13 | 448.7 | 248.7 
161.9] 94 | 344.6 | 191.0] 54 | 397.1 | 220.1] 14 | 449.6 | 249.2 
162.4] 95 | 345.5 | 191.5] 55 | 398.0 | 220.6] 15 | 450.4 | 249.7 
162.9] 96 | 346.3 | 192.0] 56 | 398.8 | 221.1] 16 | 451.3 | 250.2 
163.4] 97 | 347.2 | 192.5] 57 | 399.7 | 221.6] 17 | 452.2 | 250.6 
163.9] 98 | 348.1 |193.0]7 58 | 400.6 | 222.07 18 | 453.1 ] 251.1 
164.4] 99 | 349.0 | 193.4] 59 | 401.5 | 222.5] 19 | 453.9 | 251.6 
164. 8} 400 | 349.8 | 193.9] 60 | 402.3 | 223.0] 20 | 454.8 | 252.1 
165.3] 401 | 300.7 | 194.4] 461 | 403.2 | 223.59 521 | 455.7 | 252.6 
165.8] 02 | 351.6 |194.9] 62 | 404.0 | 224.0] 22 | 456.6 | 253.1 
166.3] 03 | 352.5 | 195.4] 63 | 404.9 | 224.5] 23 | 457.4 | 253.6 
166.8] 04 | 353.3 | 195.9] 64 | 405.8 | 225.0] 24 | 458.3 | 254.0 
167.3] 05 | 354.2 | 196.3] 65 | 406.7 | 225.4] 25 | 459.2 | 254.5 
167.7] 06 | 355.1 | 196.8] 66 | 407.5 | 225.9] 26 | 460.0 | 255.0 
168.2] 07 | 356.0 | 197.3] 67 | 408.4 | 226.4] 27 | 460.9 | 255.5 
168.7} 08 | 356.8 | 197.8 68 | 409.3 | 226.9] 28 | 461.8 | 256. 0 
169.2] 09 | 357.7 | 198.3] 69 | 410.2 | 227.4] 29 | 462.7 | 256.5 
169.77 10 | 358.6 | 198.8% 70 | 411.0 | 227.9] 30 |; 463.5 | 256.9 
170. 2§ 411 | 359.5 | 199.3] 471 | 411.9 | 228.3] 531 | 464. 4 | 257. 4 
170.7] 12 | 360.3 | 199.7] 72 | 412.8 | 228.8] 32 .3 | 257.9 


171.1] 13 | 361.2 | 200.2] 73 | 413.7 | 229.37 33 258. 4 
171.6] 14 | 362.1 | 200.7] 74 | 414.5 | 229.8] 34 
172.1} 15 | 363.0 | 201.2] 75 | 415.4 | 230.37 35 
172.6] 16 | 363.8 | 201.7] 76 | 416.3 | 230.8] 36 
173.1] 17 | 364.7 | 202.2] 77 | 417.2 |231.3§ 37 
173.6] 18 | 365.6 | 202.7] 78 | 418.0 | 231.7] 38 
174.0] 19 | 366.5 | 203.1] 79 | 418.9 | 232.2] 39 
174.5] 20 | 367.3 | 203.6] 80 | 419.8 | 232.7] 40 


Lat. | Dist. | Dep Lat. | Dist.| Dep Lat. | Dist. | Dep Lat. | Dist. | Dep Lat 


In Plane Salling. 


For conver Dep.into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitazie Sailing. w 


Forconverting Dep. into Dif’. Long. and Diff. Long.into Dep. 
In Mercator Sailing. y o = 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. . ’ 
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Dist.| Lat. 
1 0.9 
2 1.7 
8 2.86 
4 3.5 
5 4.3 
6 5.2 
7 6.1 
8 6.9 
9 7.8 

10 8.7 
ll 9.5 
12} 10.4 
13] 11.3 
14]; 12.1 
15] 13.0 
16 | 13.9 
17| 14.7 
18 | 15.6 
19| 16.5 
20 | 17.3 
21) 18.2 
22) 19.1 
23 | 19.9 
24 20.8 
25 | 21.7 
26 | 22.5 
27) 23.4 
28 | 24.2 
29 | 25.1 
30 | 26.0 
31} 26.8 
32 | 27.7 
33 | 28.6 
34] 29.4 
85 | 30.3 
36 | 31.2 
87 | 32.0 
38 | $82.9 
89 | 33.8 
40 | 34.6 
41} 35.5 
42| 36.4 
43 | 37.2 
44; 38.1 
45 | 39.0 
46 | 39.8 
47 | 40.7 
48 | 41.6 
49 | 42.4 
50 | 43.3 
51 | 44.2 
52 | 45.0 
53 | 45.9 
54 46.8 
55 | 47.6 
56 | 48.5 
57 | 49.4 
58 | 50.2 
59 | 51.1 
60 | 52.0 


o) 
p 


Dep. 


TABLE 3. 


Difference of Latitude and Departure for 30° (150°, 210°, 330°). 


Dep Lat. Lat. Dep 
52. ; 104.8 | 60.5 
53. : 105.7 | 61.0 
54. ‘ 106.5 | 61.5 
55. P 107.4 | 62.0 
56. : 108.3 | 62.5 
57. 33.0 | 26 | 109.1 | 63.0 
58. 33.5 | 27 | 110.0 | 63.5 
58. 34.0] 28 | 110.9 | 64.0 
59. 34.5 | 29 | 111.7 | 64.5 
60. 35.0 | 30 | 112.6 | 65.0 

113. 4 
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61.5 | 35.5 65. 5 

62.4 | 36.0 66. 0 

63.2 | 36.5 66. 5 

64.1 | 37.0 67.0 

65.0 | 37.5 67.5 

65. 8 | 38.0 68. 0 

66.7 | 38.5 68.5 

67.5 | 39.0 69.0 

68.4 | 39.5 69. 5 

1 69.3 | 40.0 121.2 | 70.0 
1 70.1 | 40.5 122.1 | 70.5 
1 71.0 | 41.0 123.0 | 71.0 
1 71.9 | 41.5 123.8 | 71.5 
1 72.7 | 42.0 124.7 | 72.0 
1 73.6 | 42.5 125.6 | 72.5 
1 74.5 | 43.0 126.4 | 73.0 
1 75.3 | 43.5 127.3 | 73.5 
1 76.2 | 44.0 128. 2 | 74.0 
1 77.1 | 44.5 129.0 | 74.5 
1 77.9 | 45.0 129.9 | 75.0 
1 78.8 } 45.5 130. 8 | 75.5 
1 79.7 | 46.0 131.6 | 76.0 
1 80.5 | 46.5 132.5 | 76.5 
1 81.4 | 47.0 133.4 | 77.0 
1 82.3 | 47.5 134.2 | 77.5 
1 83.1 | 48.0 135.1 | 78.0 
1 84.0 | 48.5 136.0 | 78.5 
1 84.9 | 49.0 136. 8 | 79.0 
1 85.7 | 49.5 137.7 | 79.5 
2 86.6 | 50.0 138.6 | 80.0 
87.5 | 50.5 139. 4 | 80.5 

88.3 | 51.0 140.3 | 81.0 

89.2 | 51.5 141.2 | 81.5 

90.1 | 52.0 142.0 | 82.0 

90.9 | 52.5 142.9 | 82.5 

91.8 | 53.0 143.8 | 83.0 

92.7 | 53.5 144.6 | 83.5 

93.5 | 54.0 145.5 | 84.0 

04.4 | 54.5 146.4 | 84.5 

95.3 | 55.0 147.2 | 85.0 

96.1 | 55.5 148.1 | 85.5 

97.0 | 56.0 149.0 | 86.0 

97.9 | 56.5 149.8 | 86.5 

98.7 | 57.0 150. 7 | 87.0 

99.6 | 57.5 151.6 | 87.5 

100.5 | 58.0 152. 4 | 88.0 

101.3 | 58.5 153.3 | 88.5 

102. 2 | 59.0 154. 2 | 89.0 

103.1 | 59.5 155. 0 | 89.5 

103.9 | 60.0 155. 9 | 90.0 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Salling. f = 


For converting Dep. into Dif. Long. and Diff. Long. into Dep. 
In Mercator Salling. I a 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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1 | 115.5 
200. 9 | 116.0 
201.8 | 116.5 
202.6 | 117.0 
203. 5 | 117.5 
204.4 | 118.0 
205. 2 | 118.5 
206. 1 | 119.0 
207.0 | 119.5 
207.8 | 120.0 
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TABLE 3. [Page 77 
Difference of Latitude and Departure for 30° (150°, 210°, 330°). 
Dep. j Dist. | Lat. Dep. | Dist.| Lat. Dep. 


427.0 |246.5] 53 | 478.9 | 276.5 


427.8 | 247.0] 54 | 479.8 | 277.0 
428.7 | 247.5) 55 | 480.6 | 277.5 
429.5 | 248.0 56 | 481.5 | 278.0 
430.4 | 248.5] 57 | 482.4 | 278.5 
431.3 | 249.0] 58 | 483.2 | 279.0 
432.1 | 249.57 59 | 484.1 | 279.5 


433.0 1250.01 60 | 485.0 | 280.0 
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457.3 |264.01 88 | 509.2 | 294.0 


459.0 | 265.09 90 | 511.0 | 295.0 
459.9 | 265.59 591 | 511.8 | 295.5 
460.7 | 266.0] 92 | 512.7 | 296.0 
461.6 | 266.5% 93 | 513.6 | 296.5 
462.5 | 267.0] 94 | 514.4 | 297.0 
463.3 | 267.5] 95 | 515.3 | 297.5 
464.2 | 268.0] 96 | 516.2 | 298.0 
465.1 | 268.5] 97 | 517.0 | 298.5 
465.9 | 269.0] 98 | 517.9 | 299.0 
466.8 | 269.5] 99 | 518.7 | 299.5 
467.7 |270.0] 600 | 519.6 | 300.0 
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60° (120°, 240°, 300°). 


In Plane Sailing. 


For converting Dep.into Dif. Long.and Diff. Long.into Dep. | Diff. 
In Middle Latitude Sailing. o ba Long. 


Bor con eee -into Diff. Long. and Diff. Long.into Dep. - 


In Mercator Sa 


For multiplication of numbers by sines and by cosines, or |.—N: Nx Cos. 
solution of plane right-angled trlangles. fi : reli 
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rs 
C: 


lat. | Dep. 

1 0.9; 0. 
2 L7/ 1 
8; 26] 1. 
4 8.4) 2. 
5 4.3; 2. 
6 6.1] 8. 
7} 60; 3. 
8 6.9) 4. 
9 7.7) 4. 
10| 86] 5. 
11 9.4; 5. 
12; 10.3] 6. 
18; 111] 6. 
14] 12.0] 7. 
16; 12.9) 7. 
16} 13.7] 8. 
17}; 146] 8. 
18; 15.4] 9. 
19} 16.3) 9. 
20} 17.1 | 10. 
18.0 | 10. 

18.9 | 11. 

19.7 | 11. 

20.6 | 12. 

21.4 | 12. 

22.3 | 138. 

23.1 | 13. 

24.0 | 14. 

24.9 | 14. 

25.7 | 15. 

6. 

6 

7 

7 

8 

8 

9 

9. 
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57 
58 
59 
60 | 51 
Dist. | Dep. Lat. 
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Dist. | Lat. Dep. 
61 | 52.3 | 31.4 
62 53.1 | $1.9 

54 0 | $2.4 
54.9 | 33.0 
55.7 | 33.5 
56.6 | 34.0 
57.4 | $34.5 
58.3 | 35.0 
59.1 | 35.5 
60.0 | 36.1 
60.9 | 36.6 
61.7 | 37.1 
62.6 | 37.6 
63.4 | 38.1 
64.S | 38.6 
65.1 | 39.1 
66.0 | 39.7 
66.9 | 40.2 
67.7 | 40.7 
68.6 | 41.2 
69.4 | 41.7 
70.3 | 42.2 
71.1 | 42.7 
72.0 | 43.3 
72.9 | 43.8 
73.7 | 44.8 
74.6 | 44.8 
75.4 | 45.3 
76.3 | 45.8 
77.1 | 46.4 
78.0 | 46.9 
78.9 | 47.4 
79.7 | 47.9 
80.6 | 48.4 
81.4 | 48.9 
82.3 | 49.4 
83.1 | 50.0 
84.0 | 50.5 
84.9 | 51.0 
85.7 | 51.5 
86.6 | 52.0 
87.4 | 52.5 
88.3 | 53.0 
89.1 | 53.6 
90.0 | 54.1 
90.9 | 54.6 
91.7 | 55.1 
92.6 | 55.6 
93.4 | 56.1 
94.3 | 56.7 
95.1 | 57.2 
96.0 | 57.7 
986.9 | 58.2 
97.7 | 58.7 
98.6 | 59.2 
99.4 | 59.7 
100. 3 | 60.3 
101.1 | 60.8 
102.0 | 61.3 
102.9 | 61.8 
Dist. | Dep. Lat. 


In Plane Sailing. 
Forconverting Dep. into Diff. Long. and Diff. Long. into Dep. 


Iu Middle Latitude Salling. 
.intoDiff. Long.and Diff. Long.into Dep. 


For converting D 
In Mercator Sailing. 


TABLE 3. 


Dist. 


bp we ie | 02 69 08 Ge £0 0 G9 £9 


Or OH On 
Diss 


53 


Dist. 


lat. Dep. 
108.7 | 62.8 
104.6 | 62.8 
105. 4 | 63.8 
106.8 | 63.9 
107.1 | 64.4 
108.0 | 64.9 
108.9 |} 65.4 
109.7 | 65.9 
110.6 | 66.4 
111.4 | 67.0 
112.3 | 67.5 
118.1 | 68.0 
114.0 | 68.5 
114.9 | 69.0 
115.7 | 69.5 
116.6 | 70.0 
117.4 | 70.6 
118.3 | 71.1 
119.1 | 71.6 
120.0 ) 72.1 
120.9 | 72.6 
121.7 | 73.1 
122.6 | 73.7 
123.4 | 74.2 
124.3 | 74.7 
125.1 | 75.2 
126.0 | 75.7 
126.9 | 76.2 
127.7 | 76.7 
128.6 | 77.8 
129.4 | 77.8 
130.3 | 78.8 
131.1 | 78.8 
132.0 | 79.8 
132.9 | 79.8 
133.7 | 80.3 
134.6 | 80.9 
135.4 | 81.4 
136.3 | 81.9 
137.1 | 82.4 
138.0 | 82.9 
138.9 | 83.4 
139.7 | 84.0 
140.6 | 84.5 
141. 4 |- 85.0 
142.3 | 85.5 
143.1 | 86.0 
144.0 | 86.5 
144.9 | 87.0 
145.7 | 87.6 
146.6 | 88.1 
147.4 | 88.6 
148.3 | 89.1 
149.1 | 89.6 
150.0 | 90.1 
150.9 | 90.6 
151.7 | 91.2 
152.6 | 91.7 
153.4 92.2 
154.3 | 92.7 

Dep. Lat. 


Difference of Latitude and Departure for 31° (149°, 211°, 829°). 


Dist. | Lat. 
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SSR28s 


169.7 |1 


172.8 | 103.5% 261 
173.1 |104.0] 62 
174.0 | 104.6 
174.9 | 105.1 
175.7 | 105.6 
176.6 | 106.1 
177.4 | 106.6 
178.3 | 107.1 
179.1 | 107.65 69 
180.0 |108.2— 70 
180.9 | 108. 7§ 271 
181.7 | 109.29 72 
182.6 |109.7§ 73 
183.4 {110.2% 74 
184.3 |110.7] 75 
185.1 |111.2— 76 
186.0 {111.8} 77 
186.9 | 112.3] 78 
187.7 | 112.8] 79 
188.6 | 113.3] 80 


189. 4 | 113. 8§ 231 
190.3 | 114.3] 
191.1 | 114.9 
192.0 | 115.4 
192.9 | 115.9 
193.7 | 116.4 
194.6 | 116. 9} 
195. 4 | 117.4 
196.3 | 117.9 
197.1 | 118.5 
198.0 | 119.04 291 
198.9 {119.59 92 
199.7 |120.0} 93 
200.6 1120.5] 94 
201.4 {121.0§ 95 
202.3 | 121.5} 96 
203.1 | 122.1} 97 
204.0 | 122.64 98 
204.9 }123.1] 99 
205. 7 | 123. 6] 300 


ees | cee | ee | ee 


63 
64 
65 
66 
67 
68 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangies. 
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155. 5 


164. 8 


165. 3 


168, 8 
166. 4 
166. 9 
167. 4 
187.9 
168. 4 
168. 9 
169. 4 
170. 0 

179. 5 
17L.0 
171.5 
172.0 
172.5 
173. 1 
173. 6 
174.1 
174. 6 
175.1 


1795. 6 


176. 1 
176. 7 
177. 2 
177.7 
178. 2 
178.7 
179. 2 
179. 7 
180. 3 


180. 8 
181.3 
181.8 
182. 3 


183. 4 
183. 9 
184. 4 
184. 9 
185. 4 


182. 8 | 


Dist. 


TABLE 3. 
Difference of Latitude and Departure for 31° (149°, 211°, 329°). 


369. 4 


378. 0 a 1 


395. 2 | 237. 4 


403. 7 | 242.6 


Lat. Dep. 

360. 9 | 216. 8 
361.7 | 217.3 
362. 6 | 217.9 
363. 4 | 218. 4 
364. 3 | 218.9 
365. 2 | 219. 4 
866. 0 | 219.9 
366. 9 | 220. 4 
367. 7 | 221.0 
368. 6 | 221.5 
222. 0 
370. 3 | 222. 5 
371. 2 | 223.0 
372.0 | 223.5 
372.9 | 224.0 
373. 7 | 224.6 
374. 6 | 225.1 
375. 4 | 225. 6 
376. 3 | 226. 1 
377. 2 | 226.6 


389. 2 | 233. 8 
390. 0 | 234. 3 
390. 9 | 234. 9 
391.7 | 235. 4 
392. 6 | 235. 9 
393. 4 | 236. 4 
394. 3 | 236.9 


396. 0 | 237.9 
396. 9 | 238. 5 
397.7 | 239. 0 
398. 6 | 239.5 
399. 4 | 240. 0 
400. 3 | 240.5 
401.2 | 241.0 
402.0 | 241.6 
402.9 | 242.1 


404. 6 | 243.1 
405. 4 | 243. 6 
406. 3 | 244.1 
407.2 | 244.6 
408. 0 | 245. 2 
408. 9 | 245.7 
409. 7 | 246. 2 
410. 6 | 246.7 
411.4 | 247.2 


Dep. Lat. 


Dist. 


59° (121°, 239°, 301°). 


ln Plane Salling. 


Forconverting Dep.into Diff. Long.and Diff. Long.into Dep. 
In Middie Latitude Salling. 


font ra .Long.and Diff. Long.into Dep. 


Forconvertin 
In Mercator 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled fe anv 
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Page 80] TABLE 3. 
| Difference of Latitude and Departure for 82° (148°, 212°, 328°). 


Dist.| Lat. | Dep. | Dist Dep. | Dist.| Lat. | Dep. | Dist.| Lat. | Dep. 
1 0.8; 057 61] SLT 21 64.17 181 | 153.5 | 95.9 204.4 | 127.7 
2 17) 11] 62] 52.6 22 64.7] 82 | 154.3] 96.4 205.2 | 128.2 
3 2.5} L6q 68] 53.4 23 65.2] 83 | 155.2} 97.0 206.1 | 128.8 
4 8.4] 21] 64] 548 24 65.71 84) 156.0} 97.5 206.9 | 129.3 
5 4.2| 2.6] 65] 585.1 25 66.2 | 85 | 156.9 | 98.0 207.8 | 129.8 
6 5.1/ 3.25 66) 56.0 28 66.8] 86) 157.7 | 98.6 208.6 | 130.4 
7 5.9! 3.717 67] 56.8 27 67.3] 87 | 158.6 | 99.1 209.5 | 130.9 
8 6.8) 4.2] 68] 57.7 28 67.8] 88 | 159.4] 99.6 210.3 | 181.4 
9 7.6] 4.8] 69] 58.5 29 68.4 | 89 | 160.3 | 100.2 211.2 | 131.9 
10 8.5 | 5.387 70] 59.4 30 68.9 | 90 | 161.1 | 100.7 212.0 | 132.5 
11 9.3/7 5.87 4) 60.2 31 69.4 7 191 | 162.0 | 101.2 212.9 | 133.0 
12] 10.2; 6.4] 72)| 61.1 82 69.9 | 92 | 162.8 | 101.7 213.7 | 133.5 

/W3{] 11.0] 69] 78} 61.9 33 70.5 | 93 | 163.7 | 102.3 214.6 | 134.1 
14] 11.9] 7.4] 74] 62.8 34 71.0] 94 | 164.5 | 102.8 215.4 | 134.6 
15] 12.7| 7.9] 7 63.6 35 71.5 | 95 | 165.4 | 103.3 216.3 | 135.1 
16| 13.6) 8.6] 76) 64.5 38 72.1] 96 | 166.2 | 108.9 217.1 | 135.7 
17| 14.4] 9.0] 77] 65.3 37 72.6} 97 | 167.1 |104.4 217.9 | 136.2 
18| 15.3| 9.5] 78| 66.1 88 73.1] 98 | 167.9 | 104.9 218.8 | 136.7 
19; 16.1]10.1] 79] 67.0 39 73.7 | 99 | 168.8 | 105.5 219.6 | 137.2 
20{ 17.0]}10.6] 80| 67.8 40 74,2 | 200 | 169.6 | 106.0 220.5 | 137.8 
21| 17.8)11.1] 81] 68.7 41 74.7 | 201 | 170.5 | 106.5 221.3 | 138.3 
22) 18.7 ])11.7] 82] 69.5 42 75.2] 02 | 171.3 | 107.0 222.2 | 138.8 
23; 19.5 ];12.2] 83] 70.4 43 75.8 | 03 | 172.2 | 107.6 223.0 | 139. 4 
24] 20.4)12.77 84| 71.2 44 76.38 § 04 | 173.0 | 108.1 223.9 | 139.9 
25 | 21.2)18.2] 85] 72.1 45 76.8] 06 | 173.8 | 108.6 224.7 | 140.4 
26} 22.0)138.8] 86) 72.9 46 77.4] 06 | 174.7 | 109.2 225.6 | 141.0 
27 | 22.9)14.3] 87 73.8 47 77.9 | O7 | 175.5 | 109.7 226.4 | 141.5 
28; 23.7|14.8] 88] 74.6 78.4] 08 | 176.4 | 110.2 227.3 | 142.0 
29 | 24.6/15.47 89] 75.5 79.0] 09 | 177.2 | 110.8 228.1 | 142.5 
30} 26.4]15.9] 90; 76.8 79.6 | 10] 178.1 [111.3 229.0 | 143.1 
81 | 26.3] 16.4] 91| 77.2 80.0 | 211 | 178.9 | 111.8 229.8 | 143.6 
82} 27.1 |17.0} 02] 78.0 80.5 | 12 | 179.8 (112.3 230.7 | 144.1 
83} 28.0|/17.6] 98] 78.9 81.1] 13 | 180.6 | 112.9 231.5 | 144.7 
$4; 28.8/18.0) 94) 79.7 81.6] 14] 181.5 | 113.4 232.4 | 145.2 
35 | 20.71 18.6] 95] 80.6 82.1 | 15 | 182.3 | 113.9 233.2 | 145.7 
36} 30.5/,19.1] 96) 81.4 82.7} 16 | 183.2 | 114.5 234.1 | 146.3 
37 | $1.4|19.6] 97] 82.8 83.2 § 17 | 184.0 {115.0 234.9 | 146.8 
88} $82.2] 20.1] 98} 83.1 83.7 | 18 | 184.9 | 115.5 235.8 | 147.3 
39; 33.1] 20.7] 99] 84.0 84.3] 19] 185.7 | 116.1 236.6 | 147.8 
40} 383.9 | 21.2100; 84.8 84.8 | 20 | 186.6 | 116.6 237.5 | 148.4 
41| 34.8 | 21.7] 101) 85.7 85.3 | 221 | 187.4 | 117.1 238.3 | 148.9 
42; 35.6] 22.83% 02/| 86.5 85.8 | 22 | 188.3 | 117.6 239.1 } 149.4 
43 | 386.5 | 22.84 03] 87.3 86.4 | 23 | 189.1 | 118.2 240.0 | 150.0 
44] 387.3 | 23.84 04; 88.2 86.9 | 24 | 190.0 |118.7 240.8 | 150.5 
45 | 88.2] 23.87 05] 89.0 87.4] 25 | 190.8 | 119.2 241.7 | 151.0 
46 | 39.0 | 24.4] 06} 89.9 88.0 f 26 | 191.7 | 119.8 242.5 | 151.6 
47 | 39.9 | 24.9] O7 | 90.7 88.5 | 27 | 192.5 | 120.3 243.4 | 152.1 
48 | 40.7 | 25.4] 08] 91.6 89.0 f 28 | 193.4 | 120.8 244.2 | 152.6 

41.6 | 26.0§ 09] 92.4 89.6 | 29 | 194.2 | 121.4 245.1 7] 153.1 
42.4 | 26.5] 10) 93.3 90.1 | 30 | 195.1 | 121.9 245.9 | 153. 7 
43.3 | 27.0, 111 | 94.1 90.6 | 231 | 195.9 | 122.4 246.8 | 154. 2 
44.1 | 27.6] 12] 965.0 91.1] 32 | 196.7 | 122.9 247.6 | 154.7 
44.9/} 28.1] 18] 95.8 91.7] 33 | 197.6 | 123.5 248.5 | 155.3 
45.8 | 28.6] 14] 96.7 92.2] 34] 198.4 | 124.0 249.3 | 155.8 
46.6 | 20.1] 15] 97.5 92.7] 35 | 199.3 | 124.5 250.2 | 156.3 
47.5 | 29.7] 16) 98.4 93.3 — 36 | 200.1 | 125.1 251.0 | 156.9 
48.3 | 30.2— 17] 99.2 93.8 | 37 | 201.0 | 125.6 251.9 | 157.4 
49.2 | 30.7 § 18] 100.1 94.3] 38 | 201.8 | 126.1 252.7 | 157.9 
50.0 | 31.3 f 19 | 100.9 94.9 39 | 202.7 | 126.7 253.6 | 158. 4 
50.9 | 31.8] 20 | 101.8 95.4 § 40 | 203.5 | 127.2] 300 | 254.4 | 159.0 
Dist.| Dep. | Lat. Dist. | Dep Lat. § Dist.| Dep. | Lat. | Dist.| Dep. | Lat. 


In Plane Salling. 


Forconverting Dee into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For conver De Deo ae Diff. Long. and Diff. Long. into Dep. 
a 


In Mercator &e 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


TABLE 3. [Page 81 
Difference of Latitude and Departure for 32° (148°, 212°, 328°). 


Lat. Lat Dep. Dep 
306.1 407.9 286. 7 
307.0 408.8 287.2 
307.8 409.6 287.7 
308. 7 410.5 288.3 
309. 5 411.3 288. 8 
310.4 412.2 289.3 
311.2 413.0 289.9 
312.1 413.8 290. 4 
312.9 414.7 290.9 
313.8 415.5 291.5 
314.6 416.4 292.0 
315.5 417.2 292.5 
316.3 418.1 293.0 
317.2 418.9 293.6 

318.0 419.8 294. 

318.9 420.6 294. 

319. 7 421.5 295. 

320.6 422.3 295. 
321.4 423.2 296.2 
322.3 424.0 296.8 
323.1 424.9 297.3 
324.0 425.7 297.8 
324.8 426.6 298.3 
325. 7 427.4 298.9 
326. 5 428.3 299. 4 
327.3 429.1 299.9 
328.2 430.0 300. 5 
329.0 430.8 301.0 
329.9 431.7 301.5 
330. 7 432.5 302.1 
331.6 433.4 302. 6 
332. 4 434.2 303.1 
333.3 435.0 303.6 
334.1 435.9 304. 2 
335. 0 436.7 304.7 
335. 8 437.6 305. 2 
336. 7 438. 4 305. 8 
337.5 439.3 306.3 
338. 4 440.1 306.8 
339. 2 441.0 307.4 
341 | 289.2 | 180.7] 401 | 340.1 441.8 307.9 
42 | 290.0 |181.2— 02 | 340.9 442.7 308.4 
43 | 290.9 |} 181.8] 03 | 341.8 443.5 308. 9 
44 | 291.7 |182.3] 04 | 342.6 444.4 309. 5 
45 | 292.6 | 182.88 05 | 343.5 445.2 310.0 
46 | 293.4 1183.4} 06 | 344.3 446.1 310.5 
47 | 294.3 |183.9— 07 | 345.2 446.9 311.1 
48 | 2S5.1 |184.4] 08 | 346.0 447.8 311.6 
49 | 296.0 | 184.9] 09 | 346.9 ; 312.1 
50 | 296.8 |185.5— 10 | 347.7 312.7 
351 | 297.7 | 186.0} 411 | 348.5 313.2 
52 | 298.5 |186.5] 12 | 349.4 313.7 
53 | 299.4 [187.1] 13 | 350.2 314.2 
54 | 300.2 | 187.6] 14 | 351.1 314.8 
55 | 301.1 [188.17 15 | 351.9 315.3 
56 | 301.9 [188.7] 16 | 352.8 315.8 
57 | 302.8 |189.2] 17 | 353.6 316.4 
58 | 303.6 {189.7} 18 | 354.5 316.9 
59 | 304.4 [190.27 19 | 355.3 317.4 
60 | 305.3 |190.8] 20 | 356.2 318.0 
Dist. | Dep. Lat. | Dist. | Dep. Lat. | Dist.| Dep. Lat. { Dist. Lat. 


In Plane Sailing. 


Forconverting Dep. into Dif’. Long. and Diff. Long.into Dep. 
In Middle Latitude Salling. a x 


Forconverting Dep.into Dif. Long. and Diff. Long.into Dep. 
In Mercator Salling. 7 s 


For multiplication of numbers by sines and by oosines, or 
solution of plane right-angled triangles. 


Page 82] TABLE 3. 


Difference of Latitude and Departure for 33° (147°, 218°, 327°). 


Dist. | Lat. Lat Dep Dep. } Dist. | Lat. Dep. Lat. Dep. 
1 0.8; 05 51.2 | 33.2 | 121 65. 9 151.8 | 98.6 202.1 | 131.3 
2 L7! Lil 52.0 | 33.8 66. 4 152.6 | 99.1 203.0 | 131.8 
3 25) 16 52.8 | 34.3 67.0 153.5 | 99.7 203. 8 | 132.3 
4 3.4] 22 53.7 | 34.9 67.5 154 3 | 100. 2 204.6 | 132.9 
5 42| 2.7 54.5 | 35. 4 68. 1 155. 2 | 100. 8 205.5 | 133. 4 
6 5.0] 3.3 55. 4 | 35.9 68. 6 156.0 | 101.3 206.3 | 134.0 
7 5.9; 3.8 56. 2 | 36.5 69. 2 156. 8 | 101. 8 207.2 | 1384.5 
8 6.71] 44 57.0 | 37.0 69. 7 157.7 | 102. 4 208.0 | 135.1 
9 7.5) 49 57.9 | 37.6 70. 3 158. 5 | 102. 9 208. 8 | 135.6 

10 8.4] 5.4 58.7 | 38.1 70. 8 159. 3 | 103. 5 209.7 | 136. 2 
11 9.2) 6.0 59.5 | 38.7 71.3 160. 2 | 104. 0 210.5 | 136.7 
12 | 10.1] 65 60. 4 | 39.2 71.9 161.0 | 104. 6 211.3 | 137.2 
13 $110.9] 7.1 61.2 | 39.8 72. 4 161.9 | 105.1 212.2 | 137.8 
14 | 11.7] 7.6 62.1 | 40.3 73. 0 162.7 | 105. 7 213.0 | 138.3 
15 | 12.6} 8.2 62.9 | 40.8 73. 5 163. 5 | 106. 2 213.9 | 138.9 
16 {|13.4] 8.7 63.7 | 41.4 74.1 164. 4 | 106.7 214.7 | 139. 4 
17 [143] 9.3 64.6 | 41.9 74. 6 165. 2 | 107.3 215.5 | 140.0 
18 | 15.1; 9<8 65.4 | 42.5 75. 2 166. 1 | 107. 8 216.4 | 140.5 
19 | 15.9 | 10.3 66.3 | 43.0 75. 7 166. 9 | 108. 4 217.2 | 14L.1 
20 16.8 | 10.9 67.1 | 43.6 76. 2 167. 7 | 108. 9 218.1 | 141.6 
Zi 17.6 ; 11.4 67.9 | 44.1 76. 8 168. 6 | 109. 5 218.9 | 142.2 
22 18.5 | 12.0 68.8 | 44.7 77.3 169. 4 | 110.0 219.7 | 142.7 
23 | 19.3] 12.5 69.6 | 45. 2 77.9 170. 3 | 110. 6 220.6 | 143.2 
24 | 20.1] 13.1 70. 4 | 45.7 78. 4 171.1 | 111.1 221.4 | 143.8 
25 | 21.0] 13.6 71.3 | 46.3 79.0 171.9 | 111.7 222.2 | 144.3 
26 | 21.8 | 14.2 72.1 | 46.8 79. 5 172. 8 | 112. 2 223.1 | 144.9 
27 | 22.6 | 147 73.0 | 47.4 80. 1 173. 6 | 112. 7 223.9 | 145. 4 
28 | 23.5 | 15.2 73. 8 | 47.9 80. 6 174.4 | 113.3 224.8 | 146.0 
29 | 24.3] 15.8 74.6 | 48.5 81.2 175. 3 | 113. 8 225.6 | 146.5 
30 | 25.2 | 16.3 75.5 | 49.0 81.7 176.1 | 114 4 226. 4 | 147.1 
31 26.0 | 16.9 76.3 | 49.6 82. 2 177.0 {114 9 227.3 | 147.6 
32 | 26.8 | 17.4 77.2 | 50.1 82. 8 177.8 | 115. 5 228.1 | 148.1 
33. | 27.7 | 18.0 78.0 | 50.7 83. 3 178.6 | 116.0 229.0 | 148.7 
34 | 28.5] 18.5 78.8 | 51.2 83. 9 179. 5 | 116.6 229.8 | 149. 2 
35 | 29.41 19.1 79.7 | 51.7 84. 4 180.3 | 117.1 230.6 | 149.8 
36 | 30.2 | 19.6 80.5 | 52.3 85. 0 181. 2 | 117.6 231.5 | 150. 3 
37 | 31.0 | 20.2 81.4 | 52.8 85. 5 182.0 | 118. 2 232.3 | 150.9 
38 | 31.9 | 20.7 82.2 | 53.4 86.1 182. 8 | 118. 7 233. 2 | 151. 4 
39 | 32.7 | 21.2 83.0 | 53.9 86. 6 183.7 | 119.3 234.0 | 152.0 
40 | 33.5] 21.8 83.9 | 54.5 87.1 184.5 | 119.8 234.8 | 152. 5 
41 | 34.4] 22.3 84.7 | 55.0 87.7 185. 3 | 120. 4 235. 7 | 153. 0 
42 | 35.2 | 22.9 85.5 | 55. 6 88. 2 186. 2 | 120. 9 236. 5 | 153.6 
43 | 36.1 | 23.4 86.4 | 56.1 88. 8 187.0 | 121.5 237.3 | 154.1 
44 | 36.9 | 24.0 87.2 | 56.6 89. 3 187. 9 | 122.0 238. 2 | 154. 7 
45 | 37.7 | 24.5 88.1 | 57.2 89. 9 188.7 | 122.5 239.0 | 155. 2 
46 | 38.6 | 25.1 88.9 | 57.7 90. 4 189. 6 | 123.1 239.9 | 155.8 
47 | 39.4] 25.6 89.7 | 58.3 91.0 190. 4 | 123. 6 240.7 | 156.3 
48 | 40.3 | 26.1 90.6 | 58.8 91.5 191. 2 | 124. 2 241.5 | 156.9 
49 41.1 | 26.7 91.4 | 59.4 92.0 192.1 | 124. 7 242.4 | 157.4 
50 | 41.9 | 27.2 92.3 | 59.9 92. 6 192.9 | 125.3 243. 2 | 157.9 
61 42.8 | 27.8 93.1 | 60.5 93. 1 193. 7 | 125. 8 244.1 | 158.5 
52 | 43.6 | 28.3 93.9 | 61.0 93. 7 194. 6 | 126. 4 244.9 | 159.0 
53 | 44.4] 28.9 94.8) 61.5 94. 2 195. 4 | 126. 9 245.7 | 159. 6 
54 | 45.3 | 29.4 95.6 | 62.1 94.8 196. 2 | 127. 4 246.6 | 160.1 
55 | 4651 | 30.0 96.4 | 62.6 95. 3 197.1 | 128.0 247.4 | 160.7 
56 | 47.0 | 30.5 97.3 | 63.2 95. 9 197.9 | 128.5 248. 2 | 161.2 
57 | 47.8 | 31.0 98.1 | 63.7 96. 4 198. 8 | 129.1 249.1 | 161.8 
58 48.6 | 31.6 99.0 | 64.3 96. 9 199. 6 | 129.6 249.9 | 162.3 
59 49.5 | 32.1 99.8 | 64.8 97.5 200. 4 | 130. 2 250.8 | 162.8 
60 | 50.3 | 32.7 100. 6 | 65. 4 98. 0 201. 3 | 130. 7 251.6 | 163. 4 


. 57° (123°, 237°, 303°). 


In Plane Salling. Dist. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. Diff. 
In Middle Latitude Salling. Long. 


For Seek TL) Seta os into Dif. Long. and Diff. Long. into Dep. Diff. 
In Mercator g- Long. 


N. N xXCos. | NXSin. 


: Hypote- Side Side 
solution of plune right-angled triangles. nuse. Adj. Opp. 


For multiplication of numbers by sines and by cosines, or 


TABLE 3. 


Difference of Latitude and Departure for 33° (147°, 213°, 327°). 
Lat. Dep. | Dist.| Lat. Dep. | Dist. } Lat. Dep. | Dist. | Lat. Dep. j Dist.| Lat. Dep. 


252.4 | 163.97 361 | 302.8 | 196.69 421 | 353.1 | 229.3] 481 | 403.4 | 262.0] 541 | 453.7 | 294.6 
253.3 1164.57 62 | 303.6 {197.2 22 | 353.9 | 229.8] 82 | 404.2 | 262.5] 42 | 454.6 | 295.2 
254.1 | 165.0] 63 | 304.4 |197.7] 23 | 354.8 | 230.4] 83 | 405.1 | 263.1] 43 | 455.4 | 295.7 
255.0 | 165.6] 64 | 305.3 |198.2] 24 | 355.6 | 230.9] 84 | 405.9 | 263.6] 44 | 456.2 | 296.3 
255.8 |166.1] 65 | 306.1 {198.8] 25 | 356.4 | 231.5] 85 | 406.8 | 264.1] 45 | 457.1 | 296.8 
256.6 | 166.7] 66 | 307.0 | 199.3] 26 | 357.3 | 232.0] 86 | 407.6 | 264.7] 46 | 457.9 | 297.4 
207.5 | 167.2 67 | 307.8 | 199.9] 27 | 358.1 | 232.6] 87 | 408.4 | 265.2] 47 | 458.8 | 297.9 
258.3 | 167.7] 68 | 308.6 | 200.4— 28 | 359.0 | 233.1] 88 | 409.3 | 265.8] 48 | 459.6 | 298.5 


259.1 [168.3] 69 | 309.5 | 201.0] 29 | 359.8 | 233.7] 89 | 410.1 | 266.3] 49 | 460.4 | 299.0 
260.0 | 168.8] 70 | 310.3 | 201.5] 30 | 360.6 | 234.2] 90 | 410.9 | 266.9] 50 | 461.3 | 299.6 


260.8 1169.49 371 | 311.1 | 202.1] 431 | 361.5 | 234.7] 491 | 411.8 | 267.49 551 | 462.1 |! 300.1 
261.7 |169.9§ 72 | 312.0 | 202.6% 32 | 362.3 | 235.3] 92 | 412.6 |268.0] 52 | 462.9 | 300.6 
262.5 1170.5] 73 | 312.8 | 203.2) 33 | 363.1 | 235.8] 93 | 413.5 | 268.5] 53 | 463.8 | 301.2 
263.3 [171.0] 74 | 313.7 | 203.7] 34 | 364.0 | 236.4] 94 | 414.3 |269.0] 54 | 464.6 | 301.7 
264.2 }171.6] 75 | 314.5 | 204.2) 35 | 364.8 | 236.9] 95 | 415.1 | 269.6] 55 | 465.5 | 302.3 
265.0 [172.1 76 | 315.3 | 204.7] 36 | 365.7 | 237.5] 96 | 416.0 [270.1] 56 | 466.3 | 302.8 
265.9 |172.7§ 77 | 316.2 |205.3] 37 | 366.5 | 238.0] 97 | 416.8 |270.7§ 57 | 467.1 | 303.4 
266.7 [173.2] 78 | 317.0 | 205.9] 38 | 367.3 |238.6§ 98 | 417.7 |271.2] 58 | 468.0 | 303.9 
267.5 |173.7] 79 | 317.9 | 206.4] 39 | 368.2 | 239.1] 99 | 418.5 |271.8] 59 | 468.8 | 304.5 
268.4 |174.3] 80 | 318.7 |207.0] 40 | 369.0 | 239.6] 500 | 419.3 | 272.3] 60 | 469.7 | 305.0 


269. 2 | 174.8] 381 | 319.5 | 207.5] 441 | 369.9 | 240.2] 501 | 420.2 | 272.9] 561 | 470.5 | 305.5 
270.1 |175.4] 82 | 320.4 | 208.1] 42 | 370.7 | 240.7] 02 | 421.0 | 273.4] 62 | 471.3 | 306.1 
270.9 1175.9 83 | 321.2 | 208.6] 43 | 371.5 | 241.3] 03 | 421.9 | 274.0] 63 | 472.2 | 306.6 
271.7 {176.5 84 | 322.0 | 209.1] 44 | 372.4 | 241.8] 04 | 422.7 |274.5] 64 | 473.0 | 307.2 
272.6 {177.0} 85 | 322.9 | 209.7] 45 | 373.2 | 242.49 05 | 423.5 |275.0] 65 | 473.8 | 307.7 
273.4 [177.6% 86 | 323.7 |210.2] 46 | 374.0 | 242.9] 06 | 424.4 |275.6] 66 | 474.7 | 308.38 
274.2 [178.1 87 | 324.6 |210.8] 47 | 374.9 | 243.5] 07 | 425.2 |276.1] 67 | 475.5 | 308.8 
275.1 | 178.6% 88 | 325.4 | 211.3] 48 | 375.7 | 244.0] 08 | 426.0 |276.7] 68 | 476.4 | 309.4 
275.9 | 179.2] 89 | 326.2 | 211.9] 49 | 376.6 | 244.5] 09 | 426.9 |277.2] 69 | 477.2 | 309.9 
276.8 | 179.7§ 90 | 327.1 [212.49 50 | 377.4 | 245.1] 10 | 427.7 |277.8] 70 | 478.0 | 310.4 


277.6 | 180.3] 391 | 327.9 | 213.0] 451 | 378.2 | 245.67 511 | 428.6 | 278.3] 571 | 478.9 | 311.0 
278.4 1180.8 92 | 328.8 | 213.5] 52 | 379.1 | 246.2] 12 | 429.4 | 278.9] 72 | 479.7 | 311.5 
181.4 93 | 329.6 |214.0] 53 | 379.9 | 246.7] 13 | 430.2 | 279.4] 73 | 480.6 | 312.1 
181.9 94 | 330.4 | 214.6) 54 | 380.8 | 247.3] 14 | 431.1 |279.9] 74 | 481.4 | 312.6 
182.59 95 | 331.3 {215.17 55 | 381.6 | 247.8] 15 | 431.9 |280.5]) 75 | 482.2 | 313.2 
183.0] 96 | 332.1 [215.7] 56 | 382.4 |248.4] 16 | 432.8 |281.0] 76 | 483.1 | 313.7 
183.6] 97 | 333.0 | 216.2] 57 | 383.3 | 248.97 17 | 433.6 }281.6] 77 | 483.9 | 314.3 
184.1] 98 | 333.8 | 216.8] 58 | 384.1 | 249.4] 18 | 434.4 | 282.1] 78 | 484.8 | 314.8 
184.6] 99 | 334.6 | 217.3] 59 | 384.9 | 250.0] 19 | 435.3 | 282.7] 79 | 485.6 | 315.3 
185.2] 400 | 335.5 | 217.9] 60 | 385.8 | 250.5 20 | 436.1 |283.2— 80 | 486.4 | 315.9 
185.74 401 | 336.3 | 218.4] 461 | 386.6 | 251.1] 521 | 436.9 | 283.8] 581 | 487.3 | 316.4 

186.3] 02 | 337.1 |218.9] 62 | 387.5 | 251.6] 22 | 437.8 | 284.3] 82 | 488.1 | 317.0 
186.8} 03 | 338.0 |219.57 63 | 388.3 | 252.2] 23 | 438.6 | 284.8] 83 | 488.9 | 317.5 
187.4} 04 | 338.8 | 220.0] 64 | 389.1 | 252.7] 24 | 439.5 | 285.4] 84 | 489.8 | 318.1 
187.9] 05 | 339.7 | 220.6] 65 | 390.0 | 253.3] 25 | 440.3 | 285.9] 85 | 490.6 | 318.6 
188.4] 06 | 340.5 | 221.1] 66 | 390.8 | 253.8] 26 | 441.1 | 286.5] 86 | 491.5 | 319.2 
189.0} O07 | 341.3 |221.7] 67 | 391.7 | 254.3] 27 | 442.0 | 287.0] 87 | 492.3 | 319.7 
189.59 08 | 342.2 | 222.2] 68 | 392.5 | 254.9] 28 | 442.8 | 287.6] 88 | 493.1 | 320.2 
190.1 09 | 343.0 | 222.8] 69 | 393.3 | 255.4] 29 | 443.7 | 288.1] 89 | 494.0 | 320.8 
190.6} 10 | 343.9 ; 223.3] 70 | 394.2 | 256.0% 30 | 444.5 |288.7] 90 | 494.8 | 321.3 


191.2] 411 | 344.7 | 223.8] 471 | 395.0 | 256.59 531 | 445.3 | 289.29 591 | 495.7 | 321.9 
191.7§ 12 | 345.5 | 224.4] 72 |} 395.9 | 257.1] 32 | 446.2 | 289.7] 92 | 496.5 | 322.4 
192.3] 13 | 346.4 | 224.9] 73 | 396.7 |257.6] 33 | 447.0 | 290.3] 93 | 497.3 | 323.0 
192.8] 14 | 347.2 | 225.5] 74 | 397.5 [258.2] 34 | 447.9 | 290.8] 94 | 498.2 | 323.5 
193.3] 15 | 348.0 | 226.0] 75 | 398.4 |258.7] 35 | 448.7 | 291.4] 95 | 499.0 | 324.1 
193.9] 16 | 348.9 | 226.6] 76 | 399.2 |259.2] 36 | 449.5 | 291.9] 96 | 499.8 | 324.6 
194.4] 17 | 349.7 | 227.1] 77 | 400.0 | 259.8] 37 | 450.4 | 292.5] 97 | 500.7 | 325.1 
195.0} 18 | 350.6 | 227.7] 78 | 400.9 | 260.3] 38 | 451.2 | 293.0] 98 |; 501.5 | 325.7 
195.5] 19 | 351.4 | 228.2% 79 | 401.7 | 260.9] 39 | 452.0 | 293.6] 99 | 502.4 | 326.2 
196.1] 20 | 352.2 | 228.7] 80 | 402.6 | 261.4] 40 | 452.9 | 294.1] 600 | 503.2 | 326.8 


Lat. | Dist. | Dep. Lat. | Dist. | Dep. Lat. } Dist. | Dep. Lat. [| Dist. | Dep. Lat. 
57° (123°, 237°, 303°). 


In Plane Sailing. 


Forconverting Dep.into Dif. Long. and Diff. Long.into Dep. 
In Middle Latitude Sailing. = 


Forconverting Dep. into Dif. Long. and Diff. Long. into Dep. 
In Mercator Baton o i 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


Page 84] TABLE 3. 
Difference of Latitude and Departure for 34° (146°, 214°, 826°). 


F 
z 
F 


Dep. 


Lat. Dep. | Dist.| Lat. Dep. | Dist.| Lat. Dep. 


1 0.8! 0.6 50.6 | 34.1 | 121 | 100.3 | 67.7 7 181 101. 2} 241 .8 
2 17/{ 1.1 51.4 | 834.7 | 22] 101.1 | 68.2] 82 101.8] 42 .6 
8 2.6] 1.7 62.2 | 35.2 | 23 | 102.0] 68.8] 83 102.3] 43 a) 
4 8.3] 2.2 53.1 | 35.8 | 24] 102.8 | 69.37 84 102.9] 44 co 
5 4.1] 2.8 63.9 | 36.8 | 25] 103.6) 69.97 85 103.5] 45 a 
6 6.0] 38.4 64.7 | 36.9] 26) 104.5] 70.57 86 104.0] 46 ) 
7 6.8 | 3.9 55.5 | 37.5 | 27 | 105.3 | 71.0] 87 104.6] 47 .8 
8 6.6] 4.5 56.4 | 38.0] 28] 106.1] 71.6] 88 105.1} 48 6 
9 7.5 | 5.0 57.2 |} 38.6 | 29] 106.9 | 72.1] 89 105.78 49 .4 
8.3] 5.6 58.0 | 39.1] 30) 107.8 | 72.77 90 106.2] 50 .3 

91 6.2 58.9 | 39.7 31 | 108.6 | 73.3 7 191 106. 8§ 251 el 

9.9] 6.7 59.7 | 40.3 | 32] 109.4] 73.8 107.4] 52 9 

10.8} 7.3 60.5 | 40.8 | 33] 110.3 | 74.4] 93 107.9] 53  f 

11.6] 7.8 61.8 | 41.4] 34] 111.1] 74.97 94 108.5} 54 | 210.6 

12.4| 8.4 62.2 | 41.9 | 835 ]111.9] 75.5] 95 109.07 55 | 211.4 

13.8] 8.9 63.0 | 42.5 ]— 86 | 112.7 | 76.1] 96 109.6% 56 | 212.2 

14.1 | 9.5 63.8 } 43.1] 37 | 113.6 | 76.61 97 110.2] 57 | 213.1 

14.9} 10.1 64.7 | 43.6) 38} 114.4] 77.21 98 110.7] 58 | 213.9 

; 0.6 65.5 | 44.2 | 39] 115.2 | 77.7] 99 111.3f 59 | 214.7 

1.2 66.3 | 44.7 | 40] 116.1 | 78.3 | 200 111.8 60 | 215.5 

2 1. 67.2 | 45.3 116.9 | 78.8 | 201 112.449 261 | 216.4 

22 ‘ 3 68.0 | 45.9 117.7 | 79.4 4 02 113.0] 62 | 217.2 
23 ; .9 68.8 | 46.4 118.6 | 80.0 7 03 113.5% 63 | 218.0 
24 : 4 69.6 | 47.0 119.4 | 80.5 | 04 114.1] 64 | 218.9 
25 | 20.7 .O§ 70.5 | 47.5 120.2 | 81.1 | 05 114.6] 65 | 219.7 
26 | 21.6 .5 71.3 | 48.1 121.0] 81.6] 06 115.2] 66 | 220.5 
27 | 22.4 a 72.1 | 48.6 121.9 | 82.2] 07 115.8] 67 | 221.4 
28 | 23.2 mY | 73.0 | 49.2 122.7 | 82.8] 08 116.3] 68 | 222.2 
29 | 24.0 2 73.8 | 49.8 123.5 | 838.3 | 09 116.9] 69 | 223.0 
30 | 24.9 .8 74.6 | 50.3 124.4 | 83.94 10 117.4] 70 | 223.8 
31 25. 7 3 75.4 | 50.9 125.2 | 84.4 § 211 118. 0f 271 | 224.7 
32 | 26.5 .9 76.3 | 51.4 126.0) 85.0% 12 118.5) 72 | 225.5 
83 | 27.4 .5 77.1 | 62.0 126.8 | 85.6] 13 119.1] 738 | 226.3 
84 | 28.2 .0 77.9 | 52.6 127.7 | 86.1 14 119.7) 74 | 227.2 
85 | 29.0 6 78.8 | 53.1 128.5 | 86.7 § 15 120.21 75 | 228.0 
86 | 29.8 wl 79.6 | 53.7 129.8 | 87.2] 16 120.8] 76 | 228.8 
87 | 30.7 yf 80.4 | 54.2 130.2 | 87.8] 17 121.3] 77 | 229.6 
88 | $1.5 2 81.2 | 54.8 131.0 | 88.44 18 121.9] 78 | 230.5 
39 | 32.3 8 82.1 | 55.4 131.8 | 88.94 19 122.5] 79 | 231.3 
40} 33.2 4 82.9 | 55.9 132.6 | 89.5 | 20 123.0] 80] 232.1 
41 34. 0 83.7 | 56.5 133.5 | 90.0 § 221 123. 6} 281 |. 233.0 
42/1 34.8 84.6 | 57.0 134.3 | 90.6] 22 124.14 82 | 233.8 
43 | 35.6 85.4 | 57.6 135.1 | 91.1] 23 124. 7 234. 6 
44| 36.5 86.2 | 58.2 136.0 | 91.7] 24 125. 3 235. 4 
45 | 37.3 87.0 | 58.7 136.8 | 92.3] 25 125. 8 236. 3 
46} 38.1 87.9 | 59.3 137.6 | 92.8] 26 126. 4 237.1 
47 | 39.0 88.7 | 59.8 138.4 | 93.4] 27 126. 9 237.9 
48 | 39.8 89.5 | 60.4 139.3 | 93.9 | 28 127.5 238. 8 
40. 6 90.4 | 61.0 140.1 | 94.5 } 29 128.1 239. 6 

41.5 91.2 | 61.5 140.9 | 95.1 | 380 128. 6 240. 4 
42.3 92.0 | 641 141. 8 | 95.6 | 231 129, 2 241. 2 
43.1 92.9 | 62.6 142. 6 | 96.2 32 129. 7 242. 1 
43. 9 93. 7 | 63.2 143. 4 | 96.7 33 130. 3 242. 9 
44.8 945 | 63.7 144.3 | 97.3 34 130. 9 243. 7 
45. 6 95.3 | 643 145.1 | 97.9 } 35 131. 4 244 6 
46. 4 96.2 | 64.9 145.9 | 98.4 36 132. 0 249. 4 
47.3 97.0 | 65.4 146. 7 | 99.0 37 132. 5 246. 2 
48.1 97.8 | 66.0 147.6 | 99.5 38 133. 1 247.1 
48.9 98.7 | 66.5 148. 4 /100. 1 39 133. 6 247. 9 
49. 7 99.5 .| 67.1 149. 2 |100. 7 40 134. 2 248. 7 

Dist.| Dep. | Lat. | Dist.| Dep. | Lat. | Dist. Lat. Dep. 


56° (124°, 236°, 304°). 


In Piane Sailing. Dist. 


Forconverting Dep. into Diff. Long. and Diff. Long. into Dep. Diff. 
In Middle Latitude Salling. Long. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Salling. oe is 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angied triangles. 


TABLE 3. 


Difference of Latitude and Departure for 34° (146°, 214°, 326°). 


Dist. Lat. Dist Lat Dep. 
301 299.3 ‘ 541 | 448.5 | 302.5 
02 800.1 42 | 449.3 | 303.1 
03 300. 9 5 48 | 450.2 | 303.6 
04 301.8 : 44 | 451.0 | 304.2 
05 302.6 , 45 | 451.8 | 304.8 
06 303. 4 . 46 | 452.7 | 305.3 
07 304. 3 ; 47 | 453.5 | 305.9 
08 305.1 : 48 | 454.3 | 306.4 
09 305. 9 : 49 | 455.1 | 307.0 
10 306.7 : 456.0 | 307.6 
311 307.6 | 207. 456.8 | 308.1 
12 308. 4 | 208. 457.6 | 308.7 
13 309.2 | 208. 458.5 | 309.2 
14 310.1 : 459.3 | 309.8 
15 310.9 460.1 | 310.4 
16 311.7 460.9 | 310.9 
17 312.5 461.8 | 311.5 
18 313.4 462.6 | 312.0 
19 314.2 463.4 | 312.6 
20 315.0 464.3 | 313.1 
321 315.9 : : 465.1 | 313.7 
22 316.7 : A 465.9 | 314.3 
23 317.5 ; é 466.7 | 314.8 
24 318.4 3 ; 467.6 | 315.5 
25 319.2 ‘ A 468.4 | 315.9 
26 320. 0 ; ;: 469.2 | 316.5 
27 320.8 ; : 470.1 | 317.1 
28 321.7 . ‘ 470.9 | 317.6 
29 322. 5 ‘ : 471.7 | 8318.2 
30 323.3 .8 | 285.2 472.6 | 318.7 
331 324. 2 423.6 | 285.9 473.4 | 319.3 
32 325.0 424.5 | 286.3 474.2 | 319.9 
33 325.8 425.3 | 286.9 475.0 | 320.4 
34 326.6 426.1 | 287.4 475.9 | 321.0 
35 327.5 427.0 | 288.0 476.7 | 321.5 
36 328.3 427.8 | 288.5 477.5 | 322.1 
37 329.1 428.6 | 289.1 478.4 | 322.7 
38 330.0 429.4 | 289.7 479.2 | 323.2 
39 330.8 430.3 | 290. 2 480.0 | 323.8 
40 331.6 431.1 | 290.8 480.8 | 324.3 
341 ‘ 332. 4 291.39 581 | 481.7 | 324.9 
42 2 333.3 291.94 82 | 482.5 | 325.4 
43 é 334.1 292.5% 83 | 483.3 | 326.0 
44 : 334. 9 293.0] 84 | 484.2 | 326.6 
45 : 335. 8 293.64 85 | 485.0 | 327.1 
46 ‘ 336. 6 294.1] 86 | 485.8 | 327.7 
47 : 337. 4 294.7] 87 | 486.6 | 328.2 
48 : 338. 2 295.37 88 | 487.5 | 328.8 
49 ‘ 339. 1 295.8] 89 | 488.3 | 329.4 
50 ; 339.9 296.4] 90 | 489.1 | 329.9 
851 | 291.0 340.7 : 296.9] 591 | 490.0 | 330.5 
52 | 291.8 341.6 A 297.5] 92 | 490.8 | 331.0 
53 | 292.7 342.4 ; 298.0] 93 | 491.6 | 331.6 
54 | 293.5 343.2 | 231. 298.61 94 | 492.4 | 332.2 
55 | 294.3 344.1 | 232. 299.2] 95 | 493.3 | 332.7 
56 | 295.1 344.9 | 232. 299.79 96 | 494.1 | 333.3 
57 | 296.0 345.7 | 233. 300.3] 97 | 494.9 | 333.8 
58 | 296.8 346.5 | 233. 300.8] 98 | 495.8 | 334.4 
59 | 297.6 347.4 | 234. 301.4] 99 | 496.6 | 335.0 
60 | 298.5 348. 2 | 234. 302.04 600 | 497.4 | 335.5 
Dist. | Dep. Dep. | Lat. | Dist.| Dep. | Lat. : . | Lat. | Dist.| Dep. Lat. 


In Plane Sailing. 


For converting Dep.into Diff. Long.and Dif’. Long. into Dep. 
In Middle Latitude Sailing. 


For Patra ay fat te into Dif’. Long. and Diff. Long. into Dep. 


In Mereator 


For multiplication of numbers by sines and by cosines, or }.. N. 
solution of plane right-angled t es. Hypote- 
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Dist.| Lat 
1] 0.8 
2] 1.6 
8] 2.5 
4| 3.3 
5] 4.1 
6] 4.9 
7| 5.7 
8} 6.6 
9} 7.4 
10| 8.2 
li | 9.0 
12| 9.8 
13 | 10.6 
14] 11.5 
15| 12.8 
16| 13.1 
17] 13.9 
18 | 14.7 
15.6 
16.4 


19 

eee 

21; 17.2 
22 | 18.0 
23 | 18.8 
24 | 19.7 
25 | 20.5 
26 | 21.8 
27 | 22.1 
28 | 22.9 
29 | 23.8 
$30 | 24.6 
31 | 25.4 
82 | 26.2 
83 |} 27.0 
84 27.9 
35 | 28.7 
36} 29.5 
37 | 30.3 
88} 31.1 
89 | 81.9 
40 | 32.8 
41 

42 

43 

44 

45 

46 


47 
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TABLE 3. 


Difference of Latitude and Departure for 35° (145°, 215°, 325°). 
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COMIDON HANS 


In Plane Sailing. 


Forconverting Dep. into Diff. Long. and Diff. Long. into Dep. 
Iu Middle Latitude Sailing. I : , 


For convert Fa apa f. Long. and Diff. Long. into Dep. 
&- 


In Mercator Sai 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angied triangles. 


R 


es | ee, cee | ES 


137.1 
137.7 


Lat. 


bad famt fond pend 
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Se enee 
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TABLE 3. [Page 87 


Difference of Latitude and Departure for 35° (145°, 215°, 325°). 


Dep. | Dist.| Lat Dep. | Dist.| Lat. | Dep. | Dist.| Lat. Dep 
207.1] 421 | 344.9 | 241.5] 481 | 394. 0 | 275.9] 541 | 443.2 | 310.3 
207.6] 22 | 345.7 |242. 0 394.8 |276.5} 42 | 444.0 | 310.9 
208.2] 23 | 346.5 | 242.6 895.7 |277.0] 43 | 444.8 | 811.5 
208.8] 24 | 347.3 | 243. 2 396.5 |277.6] 44 | 445.6 | 312.0 
209.4] 25 | 348.1 | 243.8 397.8 |278.2] 45 | 446.4 | 312.6 
209.9] 26 | 349.0 |244.8 398.1 |278.8] 46 | 447.3 | 313.2 
210.5] 27 | 349.8 | 244.9 398.9 |279.3] 47 | 448.1 | 318.7 
211.1] 28 | 350.6 | 245.5 399.7 |279.9] 48 | 448.9 | 314.3 
211.6] 29 | 351.4 |246.1 400.6 |280.5] 49 | 449.7 | 314.9 
212.2] 30 | 352.2 |246.6 401.4 |281.1] 50 | 450.5 | 315.5 
303.9 | 212.8] 431 | 353.1 | 247.2 402.2 281.6, 651 | 451.4 | 316.0 
213.4] $2 | 353.9 | 247.8 403.0 |282.2] 52 | 452.2 | 316.6 
213.9] 33 | 354.7 | 248.4 403. 8 |282.8] 53 | 453.0 | 317.2 
214.5] 34 | 355. 5 | 248.9 404.7 | 283. 3 453.8 | 317.8 
215.1] 35 | 356.3 | 249.5 405.5 |283.9] 55 | 454.6 | 318.3 
215.7] 36 | 357.2 | 250.1 406.3 |284.5] 56 | 455.4 | 318.9 
216.2) 37 | 358.0 | 250.7 407.1 |285.1] 57 | 456.3 | 319.5 
216.8] 38 | 358.8 |251.2 407.9 |285.6] 58 | 457.1 | 820.1 
217.4] 39 | 359.6 |251.8 408.8 |286.2] 59 | 457.9 | 320.6 
218.0} 40 | 360.4 | 252. 4 409.6 |286.8] 60 | 458.7 | 321.2 
218. 5| 441 | 361.2 [252.9 410. 4 |287. 4] 561 | 459.5 | 321.8 
219.1] 42 | 362.1 | 253.5 411.2 |287.9] 62 | 460.4 | 322.3 
219.7] 48 | 362.9 |254 1 412.0 | 288.5] 63 | 461.2 | 322.9 
220.3] 44 | 363.7 | 254.7 412.9 |289.1] 64 | 462.0 | 323.5 
220.8] 45 | 364.5 | 255. 2 413.7 289.7} 65 | 462.8 | 324.1 
221.4] 46'| 365.3 | 255.8 414.5 |290.2] 66 | 463.6 | 324.6 
229.0] 47 | 366.2 | 256. 4 415.8 |290.8] 67 | 464.5 | 325.2 
222.5] 48 | 367.0 | 257.0 416.1 |291. 4] 68 | 465.3 | 325.8 
293.1] 49 | 367.8 | 257.5 416.9 |292.0] 69 | 466.1 | 326.4 
223.74 50 | 368.6 | 258.1 417.8 |292.5] 70 | 466.9 | 326.9 
224.3] 451 | 369.4 |258.7 418. 6 |293. 1] 671 | 467.7 | $27.5 
224.8] 52 | 370.8 | 259.3 419.4 |293.7] 72 | 468.6 | 328.1 
295.4] 63 | 871.1 | 259.8 420.2 |294.2] 73 | 469.4 | 328.7 
226.0] 54 | 371.9 | 260. 4 421.0 |294.8] 74 | 470.2 | $29.2 
226.6] 55 | $72.7 |261.0 421.9 |295.4] 75 | 471.0 | 329.8 
227.1] 56 | 373.5 | 261.6 422.7 1296.0] 76 | 471.8 | 330.4 
227.7] 57 | 374.4 | 262.1 423.5 |296.5] 77 | 472.7 | 331.0 
228.3] 58 | 375.2 | 262.7 424.3 |297.1] 78 | 473.5 | 331.5 
228.9] 59 | 376.0 | 263.3 1 |297.7] 79 | 474.3 | 332.1 


425. 

229.4 60 | 376.8 | 263. 8 
230. OF 461 | 377.6 | 264. 4 

230.6] 62 | 378.4 | 265. 0 
231.2] 63 | 379.3 | 265.6 
231.7] 64 | 380.1 | 266.1 
232.3] 65 | 380.9 | 266. 7 
232.94 66 | 381.7 | 267.3 
233.49 67 | 382.5 | 267.9 
234.0] 68 | 383.4 | 268. 4 
234.6] 69 | 384. 2 | 269.0 
235.2} 70 | 385.0 | 269. 6 
235. 7] 471 | 385. 8 | 270. 2 
236.3] 72 | 386.6 | 270.7 
236.9] 73 | 387.5 | 271.3 
237.5] 74 | 388.3 | 271.9 
238.0] 75 | 389.1 | 272. 4 
238.6] 76 | 389.9 | 273.0 
239.2] 77 | 390.7 | 273.6 
239.8) 78 | 391 6 | 274.2 
240.39 79 | 392.4 | 274.7 
240.97 80 | 393. 2 | 275.3 


Lat. } Dist. | Dep. Lat. } Dist. | Dep. Lat. | Dist.| Dep. Lat. 


In Plane Sailing. 


Forconverting Dep.into Diff. Long.and Diff. Long.into Dep. 
In Middle Latitude Sailing. iT os 


For converting Oe: into Diff. Long. and Diff. Long. into Dep. Diff. 


In Mercator S Long. 
For multiplication of numbers by sines and by cosines, or ne eee 


Side Bide 
solution of plane right-angied t es. . 
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TABLE 3. 
Difference of Latitude and Departure for 86° (144°, 216°, 824°), 


= 
nN 


0.6 85.9 1121 | 97.9 
1.2 50. 2 22} 98.7 
1.8 51.0 23 | 99.5 
2.4 51.8 24 | 100.3 
2.9 52.6 25 | 101.1 
3.5 53. 4 26 | 101.9 
4.1 54. 2 27 | 102.7 
4.7 55. 0 28 ‘ 
5.3 55. 8 29 
5.9 56.6 30 
6.5 57.4 131 : 
7.1 58.2 32 : 
7.6 59.1 33 : 
8.2 59.9 34 : 
8.8 60. 7 35 : 
9.4 61.5 36 : 
10. 0 62. 8 37 : 
10. 6 63.1 38 : 
11.2 63.9 39 . 
11.8 64.7 40 : 
12.3 141 : 
12.9 42 : 
13.5 43 ; 
14.1 44 : 
14.7 45 ; 
15.3 46 : 
15.9 47 : 
16.5 48 5 
17.0 49 : 
17.6 50 ‘ 
22. 
23. 
23. 
24. 
25. 
26. 
27. 
27. 
28. 
29. 
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: 151 | 122.2 

: 52 | 123.0 

: 53 | 123.8 
20. 0 54 | 124.6 
20. 6 55 | 125.4 
21.2 56 | 126.2 
21.7 57 | 127.0 
22.3 58 | 127.8 
22.9 59 | 128.6 
23.5 60 } 129. 4 
24.1 81.7 161 | 130.3 
24.7 82.5 62 | 131.1 
25.3 83.3 63 | 131.9 
25.9 84.1 64 | 132.7 
26. 5 84.9 65 | 133.5 
27.0 85. 8 66 | 134.3 
27.6 86. 6 67 | 135.1 
28. 2 87.4 68 | 135.9 
28. 8 88. 2 69 | 136.7 
29. 4 89.0 70 | 137.5 
30.0 89.8 171 | 138.3 
30. 6 90. 6 72 | 139.2 
31.2 91.4 73 | 140.0 
31.7 92.2 74 | 140.8 
$2.3 93. 0 75 | 141.6 
32.9 93. 8 76 | 142.4 
33.5 94.7 77 | 143.2 
34.1 95. 5 78 | 144.0 
34.7 96.3 79 | 144.8 
35.3 97.1 80 | 145.6 

Lat. Dist.} Dep. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Sailing. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angied triangles. 
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TABLE 3. 
Difference of Latitude and Departure for 86° (144°, 216°, 824°). 
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302. 
302. 
303. 
303. 
304. 
305. 
305. 
306. 
306. 
307. 
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For converting Dep. into Diff. Long.and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For vipa ha See -into Dif’. Long. and Diff. Long. into Dep. 
In Mercator ailing. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled ilaneles: 


TABLE 3. 
Difference of Latitude and Departure for 37° (143°, 217°, 323°). 
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Dist.| Lat. Dep. Lat Dep Lat. 
1] 0.8 | 0.6 48.7 | 36.7 
2 16; 12 49.5 | 37.3 145. 4 | 109. 5 
3 24] 18 50. 3 | 37.9 146. 2 | 110.1 
4 3.2| 24 51.1 | 38.5 146. 9 | 110. 7 
5 4.0] 3.0 51.9 | 39.1 147.7 {111.3 995. 
6 48; 3.6 52.7 | 39.7 148. 5 {111.9 i 
7 5.6] 4.2 53.5 | 40.3 149. 3 | 112.5 ; 
8 6.4) 48 54.3 | 40.9 150. 1 | 113.1 : 
9 7.2] 5.4 55.1 | 41.5 150. 9 | 113. 7 5 
10 8.0; 60 55.9 | 42.1 151.7 | 114 3 : 
ll 8.8 6. 6 56.7 | 42.7 : 152.5 | 114.9 200. 5 
12 9.6] 7.2 57.5 | 43.3 ; 153. 3 | 115.5 201. 3 
13 | 10.4) 7.8 58.3 | 43.9 80. 0 154. 1 | 116, 2 202. 1 
14; 11.2] 8&4 59.1 | 44.5 80. 6 154.9 | 116.8 202. 9 
15 12.0 | 9.0 59.9 | 45.1 81.2 155. 7 | 117. 4 203. 7 
16; 128); 9<£6 60. 7 | 45. 7 81.8 156. 5 | 118.0 204. 5 - 
17 |; 13.6] 10.2 61.5 | 46.3 82. 4 157. 3 | 118.6 205. 2 | 154. 7 
18} 144/108 62.3 | 46.9 83. 1 158. 1 | 119. 2 206.0 | 155.3 
19} 1524,1214 63.1 | 47.5 83. 7 158. 9 | 119.8 206.8 | 155.9 
20; 16.0 | 12.0 63.9 | 48.1 84.3 159. 7 | 120. 4 207.6 | 156.5 
21 16.8 | 12.6 64.7 | 48.7 84.9 160. 5 | 121.0 208. 4 | 157.1 
22} 17.6 | 13.2 65.5 | 49.3 85. 5 161.3 | 121.6 209. 2 | 157.7 
23 18.4 | 13.8 66.3 | 50.0 86.1 162.1 | 122. 2 210.0 | 158.3 
24 19.2 | 14.4 67.1 | 50. 6 86. 7 162.9 | 122.8 210. 8 | 158.9 
25) 20.0 | 15.0 67.9 |} 51.2 87.3 163. 7 | 123. 4 211.6 | 159.5 
26 20.8 | 15.6 68.7 | 51.8 87.9 164. 5 | 124.0 212.4 | 160.1 
27 | 21.6] 16.2 69.5 | 52.4 88. 5 165. 3 | 124. 6 213. 2 | 160. 7 
28 | 22.41 16.9 70. 3 | 53.0 89.1 166. 1 | 125. 2 214.0 | 161.3 
29 | 23.2 117.5 71.1 | 53.6 89. 7 166. 9 | 125. 8 214.8 | 161.9 
30 24.0 | 18.1 71.9 | 54.2 90. 3 167.7 | 126. 4 215.6 | 162.5 
31 24.8 | 18.7 72.7 | 54.8 90. 9 168. 5 | 127.0 216.4 | 163.1 
32 | 25.6] 19.3 73. 5 | 55. 4 91.5 169. 3 | 127. 6 217.2 | 163.7 
33 26.4 | 19.9 74.3 | 56.0 92.1 170. 1 | 128. 2 218.0 | 164.3 
34 | 27.2 | 20.5 75.1 | 56.6 92. 7 170. 9 | 128. 8 218.8 | 164.9 
35 28.0 | 21.1 75.9 | 57.2 93. 3 171.7 | 129. 4 219.6 | 165.5 
36 | 28.8 | 21.7 76.7 | 57.8 93. 9 172. 5 | 130.0 220.4 | 166.1 
37 29.5 | 22.3 77.5 | 58.4 94. 5 173. 3 | 130. 6 221.2 | 166.7 
38 30.3 | 22.9 78.3 | 59.0 95. 1 174.1 | 131. 2 222.0 | 167.3 
39 31.1 | 23.5 79.1 | 59.6 95. 7 174.9 | 131.8 222.8 | 167.9 
40 31.9 | 24.1 79.9 | 60. 2 96. 3 175. 7 | 1382. 4 223.6 | 168.5 
4] 32.7 | 24.7 80.7 | 60.8 96. 9 176. 5 | 133.0 224.4 | 169.1 
42 |} 33.5 | 25.3 81.5 | 61.4 97.5 177. 3 | 133. 6 225. 2 | 169.7 
43 34.3 | 25.9 82.3 | 62.0 98. 1 178.1 | 134. 2 226.0 | 170.3 
44 35.1 | 26.5 83.1 | 62.6 98. 7 178.9 | 134.8 226.8 | 170.9 
45} 35.9 | 27.1 83.9 | 63. 2 99. 3 179. 7 | 135. 4 227.6 | 171.5 
46 36.7 | 27.7 84.7 | 63.8 99. 9 180. 5 | 136.0 228.4 | 172.1 
47 37.5 | 28.3 85.5 | 64. 4 100. 5 181.3 | 136. 6 229.2 | 172.7 
48 38. 3 | 28.9 86.3 | 65.0 101 1 182.1 | 137. 2 230.0 | 173.3 
49} 39.1 | 29.5 87.1 | 65.6 101. 7 182.9 | 137.8 230. 8 | 173.9 
50 39.9 | 30.1 87.8 | 66.2 102. 3 183. 7 | 138. 4 231.6 | 174.5 
51 40.7 | 30.7 88.6 | 66.8 102. 9 184. 5 | 139.0 232.4 | 175.1 
52} 41.5 | 31.3 89.4 | 67.4 103. 5 185. 3 | 139. 6 233. 2 | 175.7 
53 | 42.3 | 31.9 90. 2 | 68.0 104. 1 186. 1 | 140. 2 234.0 | 176.3 
D4 43.1 | 32.5 91.0 | 68.6 104. 7 186. 9 | 140. 8 234. 8 | 176.9 
DD 43.9 | 33.1 91.8 | 69. 2 105. 3 187. 7 1141. 4 235. 6 | 177.5 
56 | 44.7 | 33.7 92.6 | 69.8 105. 9 188. 5 | 142. 0 236. 4 | 178.1 
57 45.5 | 34.3 93. 4 | 70. 4 106. 5 189. 3 | 142. 6 237.2 | 178.7 
58 46.3 | 34.9 94.2 | 71.0 107.1 190. 1 | 143. 2 238.0 | 179.3 
59 47.1 | 35.5 95.0 | 71.6 107. 7 190. 9 | 143.8 238. 8 | 179.9 
60 | 47.9 | 36.1 95. 8 | 72.2 108. 3 191.7 | 144. 4 239. 6 | 180.5 
Dist. } Dep. Lat. Dep. Lat. Lat Dep. Lat Dep. Lat. 


53° (127°, 233°, 307°). 


In Plane Sailing. Dist. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. Diff. 
In Middle Latitude Sailing. Long. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 


In Mercator Sailing. 


N. 
Hypote 
nuse, 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


TABLE 3. [Page 91 


| Difference of Latitude and Departure for 37° (143°, 217°, 323°). 


Lat. Dep. | Dist. 
288. 3 253.4] 481 
289.1 254.0] 82 
289.9 254.67 83 
290. 7 255.2] 84 
291.5 255.8] 85 
292.3 256.4] 86 
293.1 257.0] 87 
293.9 257.6] 88 
294.7 258.21 89 
295. 5 258.81 90 
296.3 299.44 491 
297.1 260.04 92 
297.9 260.61 93 
298. 7 261.2] 94 
299. 5 261.8] 95 
300. 262.47 96 
301. 263.0] 97 
301. 263.6] 98 
302. 264.2] 99 
303. 264. 81 500 
304. 265.45 501 
305. 266.0} 02 
305. 266.64 03 
306. 267.24 04 
307. 267.8] 05 
308. 3 268.4] 06 
309.1 269.0] 07 
309. 9 269.61 08 
310.7 270.24 09 
311.5 270.8} 10 
312.3 271.49 611 
313.1 272.0] 12 
313.9 272.6] 13 
314.7 273.2] 14 
315.5 273.8) 15 
316.3 274.41 16 
317.1 275.0] 17 
317.9 275.67 18 
318. 7 276.21 19 
319.5 276.81 20 
320.3 277.4] 521 
321.1 278.03 22 
321.9 278.6] 23 
322.6 279.2] 24 
323. 4 279.8] 25 
324.2 280.4] 26] 
325.0 281.0] 27 
325. 8 281.6] 28 
326. 6 282.3] 29 
327.4 282.91 30 
328.2 283. 5F 531 
329.0 284.1] 32 
329.8 284.7] 33 
330. 6 285.31 34 
331.4 285.9] 35 
332.2 286.51 36 
333. 0 287.1] 37 
333. 8 287.71 38 
334. 6 288.31 39 
335. 4 288.9] 40 


In Plane Salling. 


Forconverting D-p.into Diff. Long. and Diff. Long.into Dep. 
In Middle Latitude Saliing. 


Forconverting Dep.into Diff. Long. and Diff. Long.into Dep. 
In Mercator ailing. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


Page 92] TABLE 3. 
Difference of Latitude and Departure for 88° (142°, 218°, 322°). 
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Dep. | Dist.| Lat. Lat. Dep. | Dist. 
0.67 61] 48.1 95.3 | 74.5] 181 
12] 62] 48.9 96.1 | 75.1] 82 
18] 63] 49.6 96.9 | 75.71 83 
2.54% 64] 60.4 97.7 | 76.3] 8&4 
38.1] 65] 51.2 98.5 | 77.0] 85 
3.74 66] 52.0 99.3 | 77.6] 86 
4.3] 67 | 52.8 100.1 | 78.2] 87 
4.97 68/ 53.6 100.9 | 78.8] 88, 
5.5] 69] 64.4 101.7 | 79.4] 89 
6.27 70| 55.2 102.4 | 80.0] 90 
6.8] 71 | 55.9 103.2 | 80.7] 191 
7.4] 72) 56.7 104.0 | 81.3] 92 
8.0§ 73] 57.5 104.8 | 81.9] 93 
8.6] 74{ 58.3 105.6 | 82.5] 94 
9.2] 75] 59.1 106.4 | 83.1] 95 
9.9] 76 | 59.9 107.2 | 83.7] 96 
10.5 | 77) 60.7 108.0 | 84.3] 97 
1l1] 78; 61.5 108.7 | 85.0] 98 
11.7] 79; 62.8 109.5 | 85.6] 99 
12.8] 80 | 63.0 110.3 | 86.2] 200 
12.9% 81 | 63.8 111.1 | 86.8] 201 
13.5] 82] 64.6 111.9 | 87.4] 02 
14.2— 83 | 65.4 112.7 | 88.0f 03 
14.8] 84) 66.2 113.5 | 88.7] 04 
15.4] 85 | 67.0 114.3 | 89.3] 05 
16.0] 86| 67.8 115.0 | 89.91 06 
16.6] 87} 68.6 115.8 | 90.5— 07 
17.2] 88| 69.3 116.6 | 91.1} 08 
17.9] 89 | 70.1 117.4 | 91.7] 09 
18.5} 90] 70.9 118.2 | 92.3] 10 
19.1 § 91); 71.7 119.0 | 93.0 211 
19.7] 92] 72.5 119.8 | 93.6) 12 
20.3] 93] 73.3 120.6 | 94.2— 13 
20.9] 94] 74.1 121.4 | 94.8) 14 
21.5] 95] 74.9 122.1 | 95.4] 15 
22.2] 96 | 75.6 122.9 | 96.0] 16 
22.81 97 | 76.4 123.7 | 96.7] 17 
23.4 { 98 | 77.2 124.5 | 97.3f 18 
24.0] 99 | 78.0 125.3 | 97.9% 19 
24.6 4100 | 78.8 126.1 | 98.5] 20 
25.2] 101 | 79.6 126.9 | 99.1] 221 
29.97 02 | 80.4 127.7 | 99.7] 22 
26.5] O3]| 81.2 128.4 | 100.4] 23 
27.1 04] 82.0 ‘ 129.2 |101.0] 24 
27.7] 05 | 82.7 : 130.0 |101.6§ 25 
28.37 06] 83.5 : 130.8 | 102.2] 26 
28.9 O7 | 84.3 ; 131.6 | 102.8] 27 
29.6} 08} 85.1 : 132.4 | 103.4] 28 
30.27 09 | 85.9 ‘ 133.2 |104.0% 29 
30.8] 10] 86.7 : 134.0 | 104.7] 30 
31.49 111 | 87.5 | 68. 134.7 | 105.3 231 
32.0] 12; 88.3 | 69. 135.5 | 105.9% 32 
32.6 | 13; 89.0 | 69. 136.3 | 106.5% 33 
33.27 14] 89.8 | 70. 137.1 [107.1] 34 
33.97 15] 90.6; 70. 137.9 | 107.79 35 
34.5] 16) 91.4 | 71. 138.7 | 108.4] 36 
35.1 | 17 | 92.2 | 72. 139.5 |109.0§ 37 
35.77 18 | 93.0 | 72. 140.3 |109.6§ 38 
36.38] 19] 93.8 | 73. 141.1 |110.2] 39 
36.94 20 | 94.6 : 141.8 |110.8] 40 
Lat. § Dist Dep Dep Lat. | Dist. 


In Plane Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Salling. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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TABLE 3. [Page 93 


Difference of Latitude and Departure for 38° (142°, 218°, $22°). 


Lat. Dep. | Dist. - | Dep. | Dist.| Lat. | Dep. | Dist.] Lat. 
237. 2 .§ | 222.3] 421 426. 
238. 0 .3 | 222.9] 22 427. 
238. 8 .0 |223.57 23 427. 
239. 6 ~8 | 2241] 24 428. 
240. 3 .6 | 224.7] 25 429. 
241.1 .4 | 225.3] 26 430. 
241.9 .2 |225.9% 27 431. 
242. 7 .0 | 226.67 28 431. 
243. 5 .8 |227.2] 29 432. 
244.3 .6 | 227.8] 30 433. 
245.1 292.4 | 228.4) 431 434. 
245. 9 293.1 |229.0f 32 435. 

+ 246. 6 293.9 | 229.6 33 435. 
247.4 294.7 |230.3] 34 436. 
248. 2 295.5 | 230.9] 35 437. 
249. 0 296.3 | 231.5% 36 438. 
249. 8 297.1 | 232.1] 37 438. 
250. 6 297.9 | 232.7] 38 439. 
251. 4 298.7 | 233.3] 39 440. 
252. 2 299. 4 | 234.07 40 441. 
253. 0 300. 2 | 234. 67 441 442. 
253. 7 301.0 | 235.2] 42 442. 
254. 5 301. 8 | 235.8] 43 443. 
255. 3 302.6 | 236.4] 44 444, 
256. 1 303. 4 | 237.0] 45 445. 
256. 9 304. 2 | 237.6] 46 446. 
257.7 305. 0 | 238.3] 47 446. 
258. 5 305.7 | 238.9] 48 447. 
259. 3 306.5 | 239.5] 49 448. 
260. 0 307. 3 ; 50 449. 
260. 8 308.1 | 240. 7] 451 490. 
261. 6 308.9 | 241.3] 52 450. 
262. 4 309.7 | 242.0] 53 451. 
263. 2 310.5 | 242.6] 54 452. 
264. 0 3 | 243.27 55 453. 
264. 8 243.8] 56 458. 
265. 6 2744.4] 57 454. 
266. 3 245.0] 58 455. 
267.1 245.6] 59 456. 
267.9 246.3] 60 457. 
268. 7 246. 9] 461 457. 
269. 5 247.53 62 458. 
270. 8 248.17 63 459. 
271.1 248.7] 64 460. 
271.9 249.3] 65 461. 
272.7 250.0} 66 461. 
273. 4 200.6] 67 462. 
274. 2 251.2] 68 463. 
275.0 251.8] 69 464. 
275. 8 252.4] 70 464. 
276. 6 253. 0} 471 ; 465. 
277. 4 253.7] 72 : 466. 
278. 2 254.3] 73 3 467. 
279. 0 254.9] 74 420. 8 468. 
279. 7 250.5) 75 .6 468. 
280. 5 256.1] 76 422. 4 469. 
281.3 206.7] 77 423. 2 470. 4 
282.1 257.3] 78 424.0 471.2 
282. 9 258.0] 79 24.7 472.0 
283. 7 258.6] 80 425. 5 472.8 


Dep. Lat. | Dist. 
52° (128°, 232°, 308°). 


In Plane Sailing. 


For converting Dep.into Diff. Long.and Dif’. Long.into Dep. 
In Middle Latitude Sails. o gs 


For convertin pep aate Diff. Long.and Diff. Long.into Dep. 
In Mercator Sailing. 


For multiplication of numbers by sines and by cosines, or 


solution of plane right-angled t es 


§8415624°—_43—__-32 


CAI ID WAH WON! MAMDOW NIOSH 


SSSEESSSSSREBEREESES SE 
ON 6100 BD © B/D DO OVO CN = 8100 9 


CWO 
ART 
ae oe ad 
wm 60 bo Or 


IOHWOaNA 


Pago 94] TABLE 3. 
Difference of Latitude and Departure for 39° (141°, 219°, 321°). 


Dist.} Lat. Dep. | Dist.| Lat. Dep. | Dist.| Lat. Dep. | Dist.| Lat. Dep. | Dist.| Lat. Dep. 
1 0.8} 0.6] 61] 47.4 | 38.4§121 | 94.0 181 | 140.7 | 113.9] 241 | 187.3 | 151.7 
2 1.6] 1.3] 62) 48.2 | 39.0] 22) 94.8 82 | 141.4 |114.57 42 | 188.1 | 152.3 
8 2.3} 1.9] 63; 49.0} 39.6] 23] 95.6 83 | 142.2 | 115.2] 43 | 188.8 | 152.9 
4 3.1) 2.5] 64] 49.7| 40.3] 24] 96.4 84 | 143.0 |115.8] 44 | 189.6 | 153.6 
5 38.9] 8.1] 65) 50.5 | 40.9] 25) 97.1 85 | 143.8 (116.4) 45 | 190.4 | 154.2 
6 4.7} 3.8] 66| 51.3] 41.5] 26); 97.9 86 | 144.5 |117.1] 46 | 191.2 | 154.8 
7 6.4] 4.4] 67 | 52.1 | 42.2 27) 98.7 87 | 145.3 117.7] 47 | 192.0 | 155.4 
8 6.2| 5.09 68 | 52.8 | 42.8— 28) 99.5 88 | 146.1 | 118.8] 48 | 192.7 | 156.1 
9 7.0| 5.79 69) 53.6 | 43.4] 29 | 100.3 | 81.2] 89 | 146.9 |118.9] 49 | 193.5 | 156.7 

10 7.8; 637 70| 54.4 | 44.1] 30] 101.0; 81.8] 90 | 147.7 |119.6] 50 | 194.3 | 157.3 
8.5} 6.99 7L| 56.2 | 44.7 97131 | 101.8 | 82.49 191 | 148.4 | 120.2) 2651 | 195.1 | 158.0 
9.3) 7.6] 72) 56.0] 45.37 82 | 102.6 | 83.1] 92 | 149.2 |120.8] 52 | 195.8 | 158.6 

10.1} 8.2] 73] 56.7) 45.9] 33] 103.4 | 83.7] 93 | 150.0 /121.5] 53 | 196.6 | 159.2 
10.9| 88] 74] 57.5} 46.6] 34 | 104.1 | 84.3] 94 | 150.8 |122.1] 54 | 197.4 | 159.8 
11.7 | 9.4] 75] 58.8 | 47.2] 35 | 104.9] 85.0) 95 | 151.5 |122.7] 55 | 198.2 | 160.5 
12.4] 10.1] 76 | 59.1 | 47.8] 36 | 105.7] 85.6] 96 | 152.3 |123.3] 56 | 198.9 | 161.1 
13.2} 10.7 | 77) 59.8 | 48.5] 37 | 1086.5 | 86.2% 97 | 153.1 |124.0] 57 | 199.7 | 161.7 
14.0] 11.3] 78] 60.6 | 49.1 | 38) 107.2 | 86.8] 98 | 153.9 |124.6] 58 | 200.5 | 162.4 
14.8; 12.0] 79] 61.4) 49.7] 39 | 108.0 | 87.5] 99 | 154.7 | 125.2] 59 | 201.3 | 163.0 
15.5 | 12.6 § 80] 62.2 | 50.3 § 40 | 108.8 | 88.1] 200 | 155.4 | 125.9] 60 | 202.1 | 163.6 
16.38 | 18.2, 81] 62.9] 51.0] 141 | 109.6 | 88.7% 201 | 156.2 | 126.5] 261 | 202.8 | 164.3 
17.1 | 13.8] 82 | 63.7 | 51.6] 42 | 110.4] 89.4) 02 | 157.0 |127.1] 62 | 203.6 | 164.9 
17.9| 14.5] 83 | 64.5 | 52.2] 43 |) 111.1 | 90.0] 03 | 157.8 |127.8] 63 | 204.4 | 165.5 
18.7 | 15.1] 84) 65.3 | 52.9] 44] 111.9 | 90.6) 04 | 158.5 |128.4] 64 | 205.2 | 166.1 
19.4] 15.7] 85 | 66.1 | 63.5] 45 | 112.7 | 91.3] 05 | 159.3 | 129.0] 65 | 205.9 | 166.8 
20.2 | 16.4] 86 | 66.8 | 54.1 46) 113.5 | 91.9] 06 | 160.1 |129.6] 66 | 206.7 | 167.4 
21.0] 17.0] 87 | 67.6 | 54.8 § 47 | 114.2 | 92.5] O7 | 160.9 |130.3] 67 | 207.5 | 168.0 
21.8 | 17.6] 88 | 68.4 | 55.4] 48 | 115.0 | 93.1] 08 | 161.6 | 130.9] 68 | 208.3 | 168.7 
22.5) 18.3] 89 | 69.2 | 56.0] 49 | 115.8 | 93.8] O09 | 162.4 |131.5] 69 | 209.1 | 169.3 
23.3 | 18.9] 90 | 69.91! 56.6] 50] 116.6 | 94.4] 10 | 163.2 | 132.2] 70 | 209.8 | 169.9 
24.1]; 19.5) 91 | 70.7 | 57.3 § 151 | 117.3 | 95.0} 211 | 164.0 | 132.8] 271 | 210.6 | 170.5 
24.9 | 20.1} 92] 71.5 | 67.9} 52 | 118.1 | 95.7] 12 | 164.8 }133.4] 72 | 211.4 | 171.2 
25.6 | 20.8] 93 | 72.3] 58.5] 53 | 118.9 | 96.3] 13 | 165.5 |134.0] 73 | 212.2 | 171.8 
26.4 | 21.47 94) 73.1] 59.2 541] 119.7 | 96.9] 14 | 166.3 |134.7] 74 | 212.9 | 172.4 
27.2 | 22.0] 95] 73.8 | 59.8] 65 | 120.5 | 97.5% 15 | 167.1 | 135.3] 75 | 218.7 | 173.1 
28.0 | 22.7] 96; 74.6 | 60.4 | 56} 121.2 | 98.2¢ 16 | 167.9 |135.9] 76 | 214.5 | 173.7 
28.8 | 23.3] 97 | 75.4 | 61.0] 57 | 122.0] 98.8] 17 | 168.6 | 136.6] 77 | 215.8 | 174.8 
29.5 | 23.9] 98] 76.2 | 61.7] 58 | 122.8 | 99.4] 18 | 169.4 |137.2] 78 | 216.0 | 175.0 
30.3 | 24.5] 99] 76.9 | 62.3] 59 | 123.6 |100.1] 19 | 170.2 [137.8] 79 | 216.8 | 175.6 
31.1 | 25.2 | 100 | 77.7 | 62.9 ¢ 60 | 124.3 |100.7— 20 | 171.0 | 138.5] 80 | 217.6 | 176.2 
31.9 | 25.8 101 | 78.5 | 63.6 § 161 | 125.1 [101.3] 221 | 171.7 | 139.1] 281 | 218.4 | 176.8 
32.6 | 26.49 02| 79.3 | 64.2 | 62 | 125.9 |101.9] 22 | 172.5 |189.7] 82 | 219.2 | 177.5 
33.4 ] 27.1] 03 | 80.0} 64.8] 63 | 126.7 | 102.6] 23 | 173.3 | 140.3] 83 | 219.9 | 178.1 
34.2 | 27.7] 04) 80.8 | 65.4] 64 | 127.5 |103.2] 24 | 174.1 }141.0] 84 | 220.7 | 178.7 
35.0 | 28.3 f 05 | 81.6] 66.1] 65 | 128.2 |103.8] 25 | 174.9 | 141.6] 85 | 221.5 | 179.4 
35.7 | 28.9] 06 | 82.4 | 66.7] 66 | 129.0 |104.5]— 26 | 175.6 |142.2] 86 | 222.3 | 180.0 
36.5 | 29.6 | O07 | 83.2 | 67.3] 67 | 129.8 |105.1] 27 | 176.4 |142.9] 87 | 223.0 | 180.6 
37.3 | 30.2} 08 | 83.9) 68.0} 68 | 130.6 |105.7] 28 | 177.2 | 143.5] 88 | 223.8 | 181.2 
38.1 | 30.8] 09] 84.7] 68.6] 69 | 131.3 |106.4] 29 | 178.0 | 144.1] 89 | 224.6} 181.9 
38.9 | 31.5% 10} 85.5 | 69.2 | 70 | 132.1 |107.0] 30 | 178.7 | 144.7] 90 | 225.4 | 182.5 
39.6 | 32.1 J 111 | 86.3 | 69.9 | 171 | 132.9 | 107.69 231 | 179.5 | 145.47 291 | 226.1 | 183.1 
40.4 | 32.7] 12] 87.0} 70.5 | 72 | 133.7 | 108.2] 32 | 180.3 | 146.0] 92 | 226.9 | 183.8 
41.2 | 33.4] 13) 87.8) 71.1] 73 | 134.4 |108.9— 33 |} 181.1 | 146.6] 93 | 227.7 | 184.4 
42.0 | 34.0] 14] 88.6] 71.7] 74) 135.2 | 109.5] 34 | 181.9 | 147.3] 94 | 228.5 | 185.0 
42.7 | 34.67 15 | 89.4] 72.4] 75 | 136.0 |110.1] 35 | 182.6 |147.9] 95 | 229.8 | 185.6 
43.5 | 35.2] 16] 90.1 | 73.0] 76} 136.8 |110.8] 36 | 183.4 | 148.5] 96 | 230.0 | 186.3 
44.3 | 35.9] 17 | 90.9 | 73.6] 77 | 137.6 |111.4] 37 | 184.2 | 149.1] 97 | 230.8 | 186.9 
45.1 | 36.5][ 18 | 91.7 | 74.3] 78 | 138.3 |112.0] 38 | 185.0 [149.8] 98 | 231.6 | 187.5 
45.9 | 37.1] 19 | 92.5) 74.9] 79 | 139.1 ]112.6] 39 | 185.7 [150.4] 99 | 232.4 | 188.2 
46.6 | 37.8] 20] 93.3 75.5 | 80 | 139.9 |113.3] 40 | 186.5 | 151.0] 300 | 233.1 | 188.8 
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Forconverting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Salling. 
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Difference of Latitude and Departure for 39° (141°, 219°, 321°). | 


Lat. | Dep. | Dist.} Lat. ; : : : -| Lat. Dep. 
233.9 | 189.4] 361 373. 8 340.5 
234.7 |190.1] 62 874.6 341.1 
235.5 |190.7] 63 375. 4 341.7 
236.3 {191.3} 64 376.1 342.2 
237.0 |191.9§ 65 376.9 343.0 
237.8 | 192.6] 66 377.7 343.6 
238.6 | 193.2] 67 378. 5 344.2 
239.4 | 193.8] 68 379.2 344.9 
240.1 | 194.5] 69 380. 0 345. 5 
240.9 {195.1} 70 380.8 846.1 
241.7 | 195.71 371 381.6 346.8 
242.6 |196.3] 72 : 382.4 347.4 
243.2 | 197.0% 73 : 383. 1 348.0 
244.0 1197.6] 74 : 383. 9 348.6 
244.8 }198.2] 75 338.1 384.7 349. 3 
245.6 | 198.9] 76 338. 8 385. 5 349. 9 
246.4 |199.5] 77 339. 6 386. 2 350. 5 
247.1 |200.1]) 78 340. 4 387.0 $51.2 
247.9 |200.8] 79 341.2 387.8 351.8 
248.7 |201.4] 80 341.9 388. 6 352. 4 
249.5 | 202.0] 381 342.7 | 277.54 501 | 389.4 353. 0 
250.2 |202.6} 82 343.5 | 278.27 02 | 390.1 353. 7 
251.0 | 203.3] 83 344.3 | 278.8] 03 | 390.9 354. 3 
251.8 | 203.9] 84 345.1 | 279.4] 04 | 391.7 354. 9 
252.6 |} 204.5] 85 345.8 | 280.0% 05 | 392.5 355. 6 
253.3 | 205.2] 86 346.6 | 280.7] 06 | 393.2 356. 2 
254.1 | 205.8] 87 347.4 | 2381.3] 07 | 394.0 356. 8 
254.9 | 206.4] 88 348.2 | 281.9] 08 | 394.8 357.5 
255.7 | 207.0] 89 348.9 | 282.67 09 | 395.6 358. 1 
256.5 | 207.7] 90 349.7 | 283.2] 10] 396.3 358. 7 
257.2 | 208.3] 391 350. 5 | 283.8] 511 | 397.1 359.3 
258.0 | 208.9] 92 351.3 | 284.5] 12 | 397.9 360.0 
258.8 | 209.6] 93 352.0 | 285.1] 13 | 398.7 360. 6 
259.6 | 210.2] 94 352.8 | 285.7] 14 | 399.5 361.2 
260.8 |210.8] 95 353. 6 | 286.3] 15 | 400.2 361.9 
261.1 |211.5] 96 354.4 | 287.0] 16 | 401.0 362.5 
261.9 |} 212.1] 97 355.2 | 287.6] 17) 401.8 — 363.1 
262.7 | 212.7] 98 355.9 | 288.21 18 | 402.6 363.7 
263.5 | 213.3] 99 356.7 | 288.9] 19 | 403.3 364.4 
264. 2 | 214.0% 400 357.5 |289.5] 20 | 404.1 365.0 
265.0 | 214.6] 401 358. 3 | 290.1] 521 | 404.9 365. 6 
265.8 | 215.2] 02 359.0 | 290.7] 22 | 405.7 366. 3 
266.6 | 215.9% 03 359.8 | 291.4) 23 | 406.4 366. 9 
267.3 | 216.5] 04 360.6 | 292.0] 24 | 407.2 367.5 
268.1 | 217.1] 05 361.4 |292.6] 25 | 408.0 368. 2 
268.9 | 217.7] 06 362.2 | 293.3] 26 | 408.8 368. 8 
269.7 | 218.4% 07 362.9 | 293.9] 27 | 409.6 369.4 
270.4 }219.0§ 08 363.7 | 294.57 28 | 410.3 370.0 
271.2 | 219.6% 09 364.5 |295.2— 29 | 411.1 370.7 
272.0 ; 220.34 10 365. 3 | 295.8] 30} 411.9 371.3 
272.8 | 220.9 411 366.0 | 296.4] 531 | 412.7 371.9 
273.6 | 221.5] 12 366.8 | 297.0] 32 | 413.4 372.6 
274.3 | 222.2) 13 367.6 | 297.7] 33 | 414.2 373.2 
275.1 | 222.7] 14 368.4 | 298.3] 34 | 415.0 373. 8 
275.9 | 223.4) 15 369.1 | 298.97 35 | 415.8 374.4 
276.7 {224.01 16 369.9 | 299.6] 36 | 416.6 375.1 
277.4 | 224.7] 17 370.7 | 300.2] 37 | 417.3 375.7 
278.2 | 225.3] 18 371.5 | 300.8] 38} 418.1 376.3 
279.0 | 225.9] 19 372.3 | 301.4] 39 | 418.9 377.0 
279.8 | 226.6) 20 373.0 | 302.1] 40 | 419.7 377.6 

Dist. | Dep. Lat. | Dist Dep. Lat. | Dist. | Dep. Lat. 


In Plane Sailing. 
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31.4 

32. 2 
43 | 32.9 
44) 33.7 
45 | 34.5 
46} 35.2 
47 | 36.0 
48; 36.8 
49 | 37.5 
50 | 38.3 
51; 39.1 
52} 39.8 
53 | 40.6 
54) 41.4 
55 | 42.1 
56; 42.9 
57 | 43.7 
58 | 44.4 
59 | 45.2 
60 | 46.0 


~/ 
g 


Forconverting Dep. into Di 


Dep. | Dist.| Lat. 
0.6] 61) 46.7 
13 62| 47.5 
19] 63 | 48.3 
2.6] 64] 49.0 
3.2] 65 | 49.8 
3.9] 66] 50.6 
4.5] 67 | 561.3 
5.14 68) 52.1 
5.87 69 | 52.9 
6.4] 70/] 53.6 
7.149 71 | 64.4 
7.70 72) 55.2 
8.47 78] 55.9 
9.0] 74] 56.7 
9.6] 75 | 57.5 

10.3] 76) 58.2 

10.9] 77; 59.0 

11.6] 78| 59.8 

12.2% 79) 60.5 

12.97 80; 61.3 

13.5 | 81) 62.0 

14.1] 82] 62.8 

14.8] 83; 63.6 

15.4] 84, 64.8 

16.17 85] 65.1 

16.7] 86 | 65.9 

17.4] 87 | 66.6 

18.0] 88] 67.4 

18.6] 89] 68.2 

19.3] 90/ 68.9 

19.9] 981] 69.7 

20.67 92) 70.5 

21.2% 98; 71.2 

21.9} 94] 72.0 

22.59 95] 72.8 

23.1% 96) 73.5 

23.8] 97| 74.3 

24.49 98] 75.1 

25.19 99] 75.8 

25.74 100] 76.6 

26.4 49101 | 77.4 

27.0} 02] 78.1 

27.6} 03) 78.9 

28.3 — 04/ 79.7 

28.997 05; 80.4 

29.6 § O06] 81.2 

30.24 O07 | 82.0 

30.97 O08 | 82.7 

31.5] 09 | 83.5 

32.17 10] 84.3 

32.8 | 111 | 85.0 

33.4 12] 85.8 

34.17 13] 86.6 

34.77 14] 87.3 

35.47 15 | 88.1 

36.0 16] 88.9 

36.6 17] 89.6 

37.3] 18] 90.4 

37.99 19} 91.2 

38.6 | 20) 91.9 

Lat. § Dist.| Dep 


TABLE 3. 
Difference of Latitude and Departure for 40° (140°, 220°, 320°). 


Dep. § Dist.| Lat. Dep. 

89.2 1121 | 92.7] 77.8 
89.97 22| 93.5} 78.4 
40.5} 231 94.2] 79.1 
41.1] 24] 95.0] 79.7 
41.8] 25| 95.8] 80.3 
42.47 26| 96.5] 81.0 
43.1] 27 | 97.3] 81.6 
43.71 28; 98.1] 82.3 
44.41 29| 98.8) 82.9 
45.0] 30) 99.6] 83.6 
45.6 4131 | 100.4 | 84.2 
46.3 — 32 /101.1 | 848 
46.9% 831 101.9] 85.5 
47.6] 341102.6 | 86.1 
48.2] 35] 108.4! 86.8 
48.97 386) 104.2 | 87.4 
49.5] 87 | 104.9] 88.1 
50.1 | 38 | 105.7 | 88.7 
50.8} 89 | 106.5 | 89.3 
51.44 40] 107.2] 90.0 
562.1 7 141 | 108.0} 90.6 
62.7] 42] 108.8] 91.8 
638.4] 43 / 109.5] 91.9 
54.07 44) 110.3] 92.6 
564.6 — 45) 111.1] 93.2 
55.8 | 46] 111.8 | 93.8 
55.97 47) 112.6 | 94.5 
56.6} 48 | 118.4 | 95.1 
67.2] 49 | 114.1] 95.8 
57.9 f 60)114.9] 96.4 
68.5 § 151 | 115.7) 97.1 
69.1} 52) 116.4] 97.7 
59.8 § 53 | 117.2] 98.3 
60.4% 54/ 118.0] 99.0 
61.1 55 | 118.7] 99.6 
61.7] 56) 119.5 |100.3 
62.4 — 57 | 120.3 |100.9 
63.04% 58 | 121.0 /101.6 
63.6 7 69 | 121.8 | 102.2 
64.3] 60 | 122.6 | 102.8 
64.9 7 161 | 123.3 | 103.5 
65.6} 62 | 124.1 | 104.1 
66.24 63 | 124.9 | 104.8 
66.8 | 64 | 125.6 | 105.4 
67.5 | 65 | 126.4 | 106.1 
68.1] 66 | 127.2 | 106.7 
68.8 § 67 | 127.9 | 107.8 
69.4 | 68 | 128.7 | 108.0 
70.1 | 69 | 129.5 | 108.6 
70.74% 70 | 130.2 | 109.3 
71.3 | 171 | 131.0 | 109.9 
72.0] 72 | 131.8 [110.6 
72.6 73 | 132.5 }111.2 
73.3 | 74 | 133.3 |111.8 
73.9] 75 | 134.1 [112.5 
74.6] 76 | 134.8 |113.1 
76.24 77 | 135.6 |113.8 
75. 8 78 | 136.4 [114.4 
76.5 | 79 | 187.1 |115.1 
77.1 § 80} 137.9 |115.7 
Lat. | Dist.} Dep. | Lat. 
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TABLE 3. 
Difference of Latitude and Departure for 40° (140°, 220°, 320°). 


Dist.| Lat. | Dep. | Dist.| Lat. | Dep. | Dist.| Let. | Dep. [Dist.| Let. Dist.| Lat. | Dep. 
801 | 230.6 | 193.5] 361 | 276.5 | 232. 1] 421 541 | 414.4 | 347.7 
02 | 231.3 62 | 277.3 | 232. 42 | 415.2 | 348.4 
03 | 232.1 63 | 278.1 | 233. 43 | 416.0 | 349.0 
04 | 232.9 64 | 278. 8 | 234. |} 44 | 416.7 | 349.7 
05 | 233. 6 65 | 279. 6 | 234. 45 | 417.5 | 350.3 
06 | 234. 4 66 | 280. 4 | 235. 46 | 418.3 | 351.0 
07 | 235. 2 67 | 281.1 | 235. 47 | 419.0 | 351.6 
08 | 235. 9 68 | 281.9 | 236. 48 | 419.8 | 352. 2 
09 | 236. 7 69 | 282.7 | 237. 49 | 420.6 | 352.9 
10 | 237.5 70 | 283. 4 | 237. 50 | 421.3 | 353.5 
S11 | 238.2 371 | 284. 2 | 238 B51 | 422.1 | 354.2 
12 | 239. 0 72 | 285.0 | 23 52 | 422.9 | 354.8 
13 | 239. 8 73 | 285. 7 | 23 53 | 423.6 | 355. 5 
14 | 240.5 74 | 286. 5 | 24 54 | 424.4 | 356.1 
15 | 241.3 75 | 287.3 55 | 425. 2 | 356. 7 
16 | 242.1 76 | 288.0 | 24 56 | 425.9 | 357. 4 
17 | 242.8 77 | 288.8 | 242. 57 | 426.7 | 358. 0 
18 | 243. 6 78 | 289. 6 | 243 58 | 427.5 | 358. 7 
19 | 244. 4 79 | 290.3 | 243. 6 59 | 428.2 | 359. 3 
20 | 245.1 80 | 291.1 | 244.3 60 | 429.0 | 360. 0 
$21 | 245. 9 381 | 291.9 | 244.9 561 | 429.8 | 360. 6 
22 | 246.7 82 | 292.6 | 245. 5 62 | 430.5 | 361. 2 
23 | 247.4 83 | 293. 4 | 246. 2 63 | 431.3 | 361.9 
24 | 248. 2 84 | 294. 2 | 246.8 64 | 432.0 | 362.5 
25 | 249.0 85 | 294.9 | 247.5 65 | 432.8 | 363.2 
26 | 249. 7 86 | 295.7 | 248.1 66 | 433. 6 |-363. 8 
27 | 250. 5 87 | 296. 5 | 248.8 67 | 434.3 | 364.5 
28 | 251.3 88 | 297. 2 | 249. 4 68 | 435.1 | 365.1 
29 | 252. 0 89 | 298. 0 | 250. 0 69 | 435.9 | 365. 7 
80 | 252. 8 90 | 298. 8 | 250. 7 70 | 436.6 | 366. 4 
331 | 253. 6 391 | 299. 5 | 251.3 571 | 437.4 | 367.0 
32 | 254.3 92 | 300.3 | 252.0 72 | 438. 2 | 367.7 
33 | 255.1 93 | 301.1 | 252.6 73 | 438.9 | 368.3 
255. 9 94 | 301. 8 | 253.3 74 | 439.7 | 369.0 
85 | 256. 6 95 | 302. 6 | 253. 9 75 | 440.5 | 369. 6 
86 | 257.4 96 | 303. 4 | 254. 5 76 | 441. 2 | 370.2 
37 | 258. 2 97 | 304.1 | 255. 2 77 | 442. 370. 9 
38 | 258. 9 98 | 304.9 | 255. 8 78 | 442.8 | 37L 5 
39 | 259. 7 99 | 305. 7 | 256. 5 79 | 443.5 | 372. > 
40 | 260.5 400 | 306. 4 | 257.1 80 | 444.3 | 372.8 
$41 | 261. 2 [219.2] 401 | 307. 2 | 257.8 581 | 445.1 | 373.5 
42 | 262.0 02 | 307.9 | 258. 4 82 | 445.8 | 374.1 
43 | 262.8 ; 03 | 308.7 | 259. 0 83 | 446.6 | 374.7 
44 | 263.5 : 04 | 309. 5 | 259. 7 84 | 447.4 | 375. 4 
45 | 264.3 ‘ 05 | 310. 2 | 260.3 85 | 448.1 | 376.0 
46 | 265.1 : 06 | 311.0 | 261 0 86 | 448.9 | 376.7 
47 | 265. 8 : 07 | 311 8 | 261.6 87 | 449.7 | 377.3 
48 | 266. 6 . 08 | 312.5 | 262.3 88 | 450. 4 | 378.0 
49 | 267.3 : 09 | 313.3 | 262.9 89 | 451. 2 | 378.6 
50 | 268.1 | 225. 10 | 314.1 | 263.5 90 | 452.0 | 379.2 
351 | 268.9 | 225. 69 411 | 314.8 | 264. 2 591 | 452.7 | 379.9 
52 | 269. 6 : 12 | 315. 6 | 264. 8 92 | 453.5 | 380. 5 
53 | 270. 4 13 | 316. 4 | 265. 5 93 | 454.3 | 381. 2 
54 | 271.2 : 14 | 317.1 | 266.1 94 | 455.0 | 381.8 
55 | 271.9 15 | 317.9 | 266.8 95 | 455.8 | 382.5 
56 | 272. 7 ; 16 | 318.7 | 267. 4 96 | 456.6 | 383.1 
57 | 273.5 ; 17 | 319. 4 | 268. 0 97 | 457.3 | 383.7 
58 | 274. 2 : 18 | 320. 2 | 268. 7 98 | 458.1 | 384. 4 
59 | 275.0 X 19 | 321.0 | 269.3 99 | 458.9 | 385. 0 
60 | 275.8 20 | 321.7 | 270.0 600 | 459. 6 | 385.7 
Dist.| Dep. . [Dist] Dep. | Lat. | Dist.| Dep. | Lat. | Dist.| Dep. | Lat. | Dist.| Dep. | Lat 
50° (130°, 230°, 310°). 


In Plane Sailing. 


For converting Dep.into Diff. Long. and Diff. Long.into Dep. 
In Middle Latitude Santee. o 7” 


For converting Dep.into Diff. Long.and Diff. Long.into Dep. 
In Mercator Sailing. os ae - 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled t es. 
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Lat. 
1| 0.8 
2) 1.5 
8| 2.3 
4| 3.0 
5| 3.8 
6| 4.5 
7 5.3 
8| 6.0 
9] 6.8 
10| 7.5 
ll| 83 
12) 91 
13| 9.8 
14] 10.6 
15| 11.3 
16| 12.1 
17| 12.8 
18 | 13.6 
19| 14.3 
15.1 


et Oe nee ed 


20 
21 | 15.8 
22| 16.6 
23 | 17.4 
24} 18.1 
25 | 18.9 
26 | 19.6 
27 | 20.4 
23 | 21.1 
29| 21.9. 
80 | 22.6 

31 | 23.4 
32 | 24.2 
33 | 24.9 
84 | 25.7 
35 | 26.4 
36 | 27.2 
37 | 27.9 
38 | 28.7 

®39 | 29.4 
40} 30.2 
41 | 30.9 
421 31.7 
43 | 32.5 
44] 33.2 
45 | 34.0 
46| 34.7 
47 | 35.5 
48 | 36.2 
49 | 37.0 

37.7 
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TABLE 38. 


Difference of Latitude and Departure for 41° (139°, 221°, 319°). 
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Dep. | Dist. . | Dist. | Lat. Dep. 

40.0 : 136.6 | 118.7 
40. 7 ; 82 | 137.4 | 119.4 
41.3 8).7] 83 | 138.1 | 120.1 
42.0 81.4— 84 | 138.9 | 120.7 
42.6 82.0] 85 | 139.6 | 121.4 
43.3 82.7] 86 | 140.4 | 122.0 
44.0 83.3— 87 | 141.1 | 122.7 
44.6 84.0] 88 | 141.9 |123.3 
45.8 84.61 89 | 142.6 | 124.0 
45.9 85.3] 90 | 143.4 | 124.7 
46. 6 85.99 191 | 144.1 | 125.3 
47.2 86.6] 92 | 144.9 | 126.0 
47.9 87.3] 93 | 145.7 | 126.6 
48.5 87.9] 94 | 146.4 | 127.3 
49.2 88.6] 95 | 147.2 {127.9 
49.9 89.2] 96 | 147.9 | 128.6 
50.5 89.9] 97 | 148.7 | 129.2 
51.2 90.57 98 | 149.4 | 129.9 
61.8 91.2] 99 | 150.2 | 130.6 
52.5 91.8 200 150.9 | 131.2 
63.1 92.59 201 | 151.7 | 131.9 
53.8 93.2] O02 | 152.5 | 132.5 
54.5 93.8] 03 | 153.2 | 133.2 
55.1 94.5] 04 | 154.0 | 133.8 
55. 8 95.19 05 | 154.7 | 134.5 
56. 4 95.87 06 | 155.5 | 135.1 
57.1 96.4] O07 | 156.2 | 135.8 
57.7 97.1 08 | 157.0 | 136.5 
58.4 97.8] O98 | 157.7 | 137.1 
59.0 98. 4 10° 158. 5 | 137.8 
59. 7 99.1 159. 2 | 138. 4 
60. 4 99.7 160.0 | 139.1 
61.0 00. 4 160. 8 | 139. 7 
61.7 01.0 161.5 | 140.4 
62.3 : 162.3 | 141.1 
63.0 163.0 | 141.7 
63.6 163.8 | 142.4 
64.3 164.5 | 143.0 
64.9 165. 3 | 143. 7 
65. 6 166.0 | 144.3 
66.3 166.8 | 145.0 
66. 9 167.5 | 145.6 
67.6 168.3 | 146.3 
68. 2 169.1 | 147.0 
68.9 169.8 | 147.6 
69.5 170.6 | 148.3 
70. 2 171.3 | 148.9 
70.9 172.1 | 149.6 
71.5 172.8 | 150.2 
72.2 Allo 173.6 | 150.9 
72.8 174.3 | 151.5 
73.5 175.1 | 152. 2 
74.1 175. 8 | 152.9 
74. 8 176.6 | 153.5 
75. 4 177.4 | 154.2 
76.1 178.1 | 154.8 
76.8 178.9 | 155.5 
77.4 179.6 | 156.1 
78. 1 180. 4 | 156.8 
78. 7 181.1 | 157.5 
Lat. | Dist. ; Dep. Lat. 


Forconverting Dep. into Diff. Long. and Diff. Long. into Dep. 


Iu Middle Latitude S 


For converting D 
In Mercator 


into Diff. .and Diff. Long. into Dep. 
fi Bess ff. Long ff. Long ep 


For multiplication of numbers by eines and by cosines, or 


solution of plane right-angled tr 
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TABLE 3. [Page 99 
Difference of Latitude and Departure for.41° (139°, 221°, 319°). 


Dep. | Dist.| Lat. Dep. | Dist. 
317.7 315.6 | 541 
318.5 316.2 | 42 
319.2 316.9 | 43 
320.0 317.5 5 44 
320.8 318.2 | 45 
321.5 318.8 | 46 
322.3 319.5] 47 
323.0 320.2 | 48 
323.8 320.8 | 49 
324.5 321.5] 50 
325.3 322.1 § 551 
326.0 322.8] 52 
326.8 323.4] 53 
327.5 324.1] 54 
328.3 324.7 | 55 
329.1 325.4 1 56 
829.8 326.1 1 57 
330.6 326.7 1 58 
$31.3 327.4 4 59 
332.1 328.04 60 
332.8 328.7 | 561 
333.6 329.3 | 62 
334.3 330.0] 63 
335.1 330.7 | 64 
335.8 331.3] 65 
336.6 332.0] 66 
337.4 332.6] 67 
338.1 333.3 Ff 68 
338.9 333.9] 69 
339.6 334.6 1 70 
340.4 335.2 | 571 
341.1 335.9 | 72 
341.9 336.6 | 73 
842.6 337.2 | 74 
343.4 337.9 | 75 
344.1 338.5] 76 
344.9 339.2 77 
345.7 339.8 | 78 
346.4 340.5] 79 
347.2 341.2 | 80 
347.9 341.8 | 581 
348.7 342.5 § 82 
349.4 343.14 83 
350.2 343.8 84 
350.9 344.4 85 
351.7 345.1 86 
352.4 345. 7 87 
353.2 346. 4 88 
354.0 347.1 89 
354.7 347.7 90 
355.5 348.4 7 591 
356.2 349.0 | 92 
357 .0 349.7 93 
357.7 350.3 | 94 
358.5 351.0 f 95 
359.2 351.6 96 
360.0 352.3 | 97 
360.8 353.0 7 98 
361.5 353.6 | 99 
362.3 354.3 | 600 


49° (131°, 229°, 311°). 


In Plane Sailing. 

For converting Dep. into Diff. Long. and Diff. Long. into D 

In Middle Latitude Salling. if os abil of 
For convertin into Dif. Long. and Diff. Long. into D Diff. 

In Mercator Satine: o f- ‘ie Tors. 


N. /NxCos. N XSin. 


H ypote- Side Side 
nuse. Adj. Opp. 


For multiplication of numbers Pt sines and by cosines, or 
solution of plane right-angled triangles. 
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TABLE 3. 


Difference of Latitude.and Departure for 42° (188°, 222°, 318°). 
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For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Salling. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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TABLE 3. 


Difference of Latitude and Departure for 42° (138°, 222°, 318°). 


In Plane Sailing. 


For converting Dep. into Diff. Long.and Diff. Long.into Dep. 
In Middle Latitude Salling. o oe 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Salling. 


For multiplication of numbers py sines and by cosines, or 


solution of plane right-angled es. 


Lat. | Dep. | Dist.| Lat. | Dep. Lat. | Dep. Dist. | Lat. 
268.3 | 241.68 421 | 312.9 | 281.7 402.0 
269.0 | 242.24 22 | 313.6 | 282.4 402.8 
269.8 | 242.9% 23 | $314.4 | 283.0 403.5 
270.5 | 243.61 24 | 815.1 | 283.7 404.3 
271.2 | 244.291 25 | 315.8 | 284.4 405.0 
272.0 |244.9] 26 | 316.6 | 285.1 405.8 
272.7 |245.64 27 | 317.3 | 285.7 406.5 
273.5 |246.27 28 | 318.1 | 286.4 407.2 
274.2 |246.91 29 | 318.8 | 287.1 408.0 
275.0 | 247.61 30 | 319.6 | 287.7 408.7 
275.7 | 248.24 431 | 320.3 | 288.4 ‘ ; 409.5 
276.4 | 248.91 32 | 321.0 | 289.1 : ; 410.2 
277.2 | 249.64 33 | 321.8 | 289.7 A : 63 | 411.0 
277.9 |250.3] 34 | 822.5 | 290.4 ; . 54 | 411.7 
278.7 |250.94% 35 | 323.3 | 291.1 : . 55 | 412.4 
279.4 |251.6] 86 | 324.0 | 291.7 ; ' 56 | 413.2 
280.2 | 252.34 37 | 324.8 | 292.4 ; . 57 | 413.9 
280.9 |252.99% 38 | 325.5 | 293.1 : : 68 | 414.7 
281.7 (253.6% 39 | 326.2 |293.7] 99 | 370.8 |333.98% 59 | 415.4 
282.4 |254.34% 40 | 327.0 | 294.41 50C | 371.6 | 334.617 60 | 416.2 
283.1 | 254.9] 441 | 327.7 | 295.11 501 | 372.3 |335.2] 561 | 416.9 
283.9 |255.6% 42 | 328.5 |295.8] 02 | 373.1 {335.99 62 | 417.6 
284.6 | 256.3] 43 | 329.2 |296.49% 03 | 373.8 |336.6] 63 | 418.4 
285.4 |256.91 44 | 330.0 |297.1] 04 | 374.5 |337.21 64 | 419.1 
286.1 | 257.6] 45 | 330.7 | 297.81 05 | 375.3 |337.91 65 | 419.9 
286.9 |258.3] 46 | 331.4 | 298.4] 06 | 376.0 |338.61 66 | 420.6 
287.6 |259.0] 47 | 332.2 |299.1} 07 | 376.8 |339.291 67 | 421.4 
288.8 {259.61 48 | 332.9 |299.8] 08 | 377.5 |339.991 68 | 422.1 
289.1 |260.31 49 | 333.7 |300.43 O09 | 378.38 |340.61 69 | 422.8 
289.8 1261.01 50 | 334.4 |301.1] 10 | 379.0 |341.3] 70 | 423.6 
290.6 | 261.6} 451 | 335.2 | 301.8] 511 | 379.7 | 341.9] 571 | 424.3 
291.3 1262.31 52 | 335.9 |302.4] 12 | 380.5 |342 6] 72 | 425.1 
292.1 |263.0] 53 | 336.6 |}303.1] 13 | 381.2 |343.3] 73 | 425.8 
292.8 |263.64 54 | 337.4 |303.8] 14 | 382.0 |343.9] 74 | 426.6 
293.5 | 264.31 55 | 838.1 {3804.57 15 | 382.7 |344.69 75 | 427.3 
294.3 1265.0] 56 | 338.9 |305.19 16 | 383.5 |345.3] 76 | 428.1 
295.0 | 265.6% 57 | 339.6 |305.8] 17 | 384.2 |345.9] 77 | 428.8 
295.8 | 266.31 58 | 340.4 |306.57 18 | 384.9 |346.0] 78 | 429.5 
296.5 | 267.01 59 | 341.1 |307.1] 19 | 385.7 |347.381 79 | 430.3 
297.3 1267.71 60 | 341.8 |307.8] 20 | 386.4 |347.9] 80 | 431.0 
298.0 | 268.34 461 | 342.6 | 308.518 521 | 387.2 | 348.6] 581 | 431.8 
298.7 |}269.0] 62 | 343.3 |309.1§ 22 | 387.9 1349.3] 82 | 432.5 
299.5 |} 269.71 63 | 344.1 | 309.8] 23 | 388.7 | 350.07 83 | 433.3 
300.2 |270.3] 64 | 344.8 |310.5] 24 | 389.4 | 350.697 84 | 434.0 
301.0 |} 271.0] 65 | 345.6 1311.1] 25 | 390.2 | 351.3] 85 | 434.7 
301.7 | 271.7] 66 | 346.3 |311.8] 26 | 390.9 | 352.0] 86 | 435.5 
302.5 | 272.3] 67 | 347.0 1312.5] 27 | 391.6 | 352.6] 87 | 436.2 
303.2 |273.0] 68 | 347.8 |313.21 28 | 392.4 1353.3] 88 | 437.0 
303.9 |273.71 69 | 348.5 |313.8] 29 | 393.1 1354.01 89 | 437.7 
304.7 |274.3] 70 | 349.3 |314.5] 30 | 393.9 | 354.6% 90 | 438.5 
305.4 | 275.0] 471 | 350.0 | 315.2] 531 | 394.6 | 355.3] 591 | 439.2 
306.2 |275.7§ 72 | 350.8 |315.81 32 | 395.4 1356.0 92 |) 439.9 
306.9 |276.44% 73 | 351.5 1316.5] 33 | 396.1 |356.6] 93 | 440.7 
307.7 1277.0] 74 | 352.3 1317.2] 34 | 396.8 1357.3] 94 | 441.4 
308.4 |277.7]1 75 | 353.0 |317.81 35 | 397.6 |358.0]7 95 | 442.2 
309.1 |278.41 76 | 353.7 |318.51 36 | 398.3 1358.7] 96 | 442.9 
309.9 |279.018 77 | 354.5 1319.2] 37 | 399.1 |359.31 97 | 443.7 
310.6 |279.71 78 | 355.2 |319.8] 38 | 399.8 |360.01 98 | 444.4 
311.4 | 280.41 79 | 356.0 |320.5] 39 | 400.6 | 360.7] 99 | 445.1 
312.1 | 281.01 80 | 356.7 |321.2] 40 | 401.3 | 361.3] 600 | 445.9 
Dep. Lat. | Dist. | Dep. Lat. | Dist.| Dep. Lat. | Dist Dep. 
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Difference of Latitude and Departure for 43° (137 °; 223°, 317°). 


3 
B 
s 
] 
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0.7 44.6| 41.6] 121 | 88.5| 82.5] 181 
1.4 45.3] 42.3 89.2| 83.2] 82 
2.0 46.1 | 43.0 90.0} 83.9] 83 
2.7 46.8 | 43.6 90.7| 84.6] 84 
3.4 47.5 | 44.3 91.4) 85.2] 85 
4.1 48.3] 45.0 92.2} 85.9] 86 
4.8 49.0 | 45.7 92.9; 86.6] 87 
5.5 49.7 | 46.4 93.6) 87.3] 88 
6.1 50.5 | 47.1 94.3; 88.0] 89 
6.8 51.2 | 47.7 95.1; 88.7] 90 
7.5 51.9 , 95.8; 89.3 7 191 
8.2 52.7 | 49.1 96.5; 90.0] 92 
8.9 53.4 | 49.8 97.3; 90.7] 93 
9.5 54.1} 50.5 99.0; 91.4] 94 
10. 2 54.9] 51.1 98.7) 92.1] 95 
10.9 55.6] 51.8 99.5] 92.8] 96 
11.6 56.3 | 52.5 100.2| 93.4] 97 
12.3 57.0 | 53.2 100.9| 94.1} 98 
13.0 57.8 | 53.9 101.7; 94.8] 99 
13.6 58.5 | 54.6 102.4] 95.5 § 200 
14.3 |. 59.2 | 55.2 103.1 | 96.2 | 201 
15.0 60.0 | 55.9 103.9} 96.8] 02 
15.7 60.7 | 56.6 104.6; 97.5] 03 
16.4 61.4 | 57.3 105.3/ 98.2] 04 
17.0 62.2 | 58.0 106.0| 98.9] 05 
17.7 62.9} 58.7 106.8; 99.6] 06 
18.4 63.6 | 59.3 107.5] 100.3 | 07 
19.1 64.4 60.0 108.2} 100.9 | 08 
19.8 65.1] 60.7 109.0 | 101.6] 09 
20. 5 65.8 | 61.4 109.7 | 102.3] 10 
21.1 66.6 | 62.1 110.4 | 103.0 | 211 
21.8 67.3 | 62.7 111.2 | 103.7 | 12 
22.5 68.0 | 63.4 111.9} 104.3} 13 
23.2 68.7 | 64.1 112.6 | 105.0} 14 
23.9 69.5 | 64.8 113.4 | 105.7 | 15 
24.6 70.2 | 65.5 114.1| 106.4 | 16 
25.2 70.9 | 66.2 114.8) 107.1] 17 
25.9 71.7] 66.8 115.6 | 107.8 | 18 
26. 6 72.4 | 67.5 116.3 | 108.4 7 19 
27.3 73.1] 68.2 117.0] 109.1 | 20 
28.0 73.9 | 68.9 117.7 | 109.8 | 221 
28.6 74.61 69.6 118.5] 110.5] 22 
29.3 75.3 | 70.2 119.2; 111.2] 23 
30.0 76.1 | 70.9 119.9] 111.8 | 24 
30.7 76.8 | 71.6 120.7 | 112.5] 25 
31.4 77.5 | 72.3 121.4) 113.2] 26 
32.1 78.3 | 73.0 122.1; 113.9 | 27 
32.7 : 73.7 122.9} 114.6] 28 
33. 4 74.3 123.6| 115.3 | 29 
34.1 75.0 124.3] 115.9} 30 
34.8 75.7 | 171 | 125.1] 116.6 J 231 
35.5 76.4 125.8] 117.3 | 32 
36.1 77.1 126.5] 118.0] 33 
36.8 77.7 127.3] 118.7 | 34 
37.5 78.4 128.0| 119.3} 35 
38. 2 79.1 128.7 | 120.0] 36 
38.9 79.8 129.4 | 120.7 | 37 


In Piane Salling. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middie Latitude Salling. o aes 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Mercator Sailing. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


TABLE 8. [Page 108 
Difference of Latitude and Departure for 43° (137°, 223°, 817°). 


205.3 | 361 | 264.0 | 246.2 | 421 ‘ : ‘ : 395.7 | 369.0 
206.0 | 62 | 264.8) 246.9 | 22 ; ; : ; 396.4 | 369.6 
206.6 | 63 | 265.5 | 247.6 | 23 : : ; : 397.1 | 370.3 
207.3 | 64 | 266.2 | 248.2 | 24 ; : ; : 397.9 | 371.0 
208.0 | 65 | 266.9 | 248.9 | 25 , ; ; : 398.6 | 371.7 
208.7 | 66 | 267.7| 249.6] 26 é ‘ ; ; 399.3 | 372.4 
209.4 | 67 | 268.4} 250.3 | 27 : : . : 400.1 | 373.1 
210.1 | 68 | 269.1] 251.04 28 : : : 400.8 | 373.7 


232.6 } 401 | 293.3 | 273.5 | 461 

233.2 | 02 | 294.0] 274.2 | 62 
233.9 | 03 | 294.7 | 274.8] 63 
234.6 | 04 | 295.5 | 275.5] 64 
235.3 | 05 | 296.2 | 276.2 | 65 
236.0 | 06 | 296.9] 276.9 | 66 
236.7 | 07 | 297.7} 277.6] 67 
237.3 | 08 | 298.4 | 278.3] 68 
238.0 | 09 | 299.1] 278.9 | 69 
238.7 | 10 | 299.9} 279.6 | 70 


239.4 | 411 | 300.6 | 280.3 | 471 
240.1 } 12 | 301.3| 281.0] 72 
240.9 $ 13 | 302.0! 281.7] 73 
241.4] 14 | 302.8) 282.3] 74 
242.1] 15 | 303.5| 283.0] 75 
242.84 16 | 304.3| 283.7 | 76 
243.5 | 17 | 305.0| 284.4 | 77 
244.2] 18 | 305.7 | 285.1] 78 
244.8] 19 | 306.4| 285.8 | 79 
245.5 | 20 | 307.2 | 286.4] 80 


R 
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In Plane Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middie Latitude Salling. - 


For convertin . into Diff. Long. and Diff. Long. into Dep. 
In Mercator Batthar: aa 


For multiplication of numbers by sines and by cosines, or |-; 
solution of plane right-angled triangles. + YpPo 


Page 104] TABLE 3. 
Difference of Latitude and Departure for 44° (136°, 224°, 316°). 


wi oe 
spice steele ome cotem E 


Lat. | Dep. | Dist.| Lat. Lat. Dep. | Dist.| Lat. | Dep. 
0.7} 0.77 61] 48.9] 42. 121 | 87.0] 84.1 125. 7} 241 | 173.4 | 167.4 
1.4] 1.4] 62] 44.6] 43. 22} 87.8 | 84.7 126.4] 42 | 174.1 | 168.1 
2.2) 214 63] 45.8] 43. 23} 88.5] 85.4 127.1] 43 | 174.8 | 168.8 
2.9] 2.84% 64! 46.0] 44. 24! 89.2] 86.1 127.8] 44 | 175.5 | 169.5 
3.6} 8.5] 65] 46.8] 45. 25 | 89.9 | 86.8 128.5] 45 1] 176.2 | 170.2 
4.8| 4.2] 66] 47.5 | 465. 26 | 90.6] 87.5 129.2] 46 | 177.0] 170.9 
5.0) 4917 67] 48.2] 46. 27 | 91.4] 88.2 129.9] 47 | 177.7 | 171.6 
5.8 | 5.6] 68] 48.9 | 47. 28 | 92.11 88.9 130.64) 48 | 178.4 | 172.3 
6.5} 68] 69] 49.6] 47. 29 | 92.8} 89.6 131.3— 49 | 179.1 | 173.0 
7.2; 69] 70! 60.4 | 48. 30 |} 93.5] 90.3 132.0] 50 | 179.8 | 173.7 
7.9] 7.6) 71) 51.1 { 49. 31 | 94.2] 91.0 132. 7] 251 | 180.6 | 174.4 
8.6] 8.3] 72] 51.8 | 50. 32 | 95.0] 91.7 133.4] 52 | 181.3 | 176.1 
9.4) 9.07 73] 52.5 | 50. 33 | 95.7 | 92.4 134.1] 53 | 182.0 | 175.7 

10.1] 9.7] 74] 53.2] 51. 34/ 96.4] 93.1 134.8] 54 | 182.7 | 176.4 

10.8 | 10.4] 75] 54.0 | 52. 35 | 97.1] 93.8 135.5] 55 | 183.4] 177.1 

11.5} 11.1] 76] 54.7 | 52. 36 | 97.8 | 94.5 136.2] 56 | 184.2 | 177.8 

12.2/11.8] 77 | 55.4 | 53. 37 | 98.5 | 95.2 136.8] 57 | 184.9 | 178.5 

12.9/ 12.5] 78! 56.1 | 54. 38 | 99.3] 95.9 137.5% 58 | 185.6 | 179.2 

18.7 | 13.2] 79] 56.8 | 54. 39 | 100.0} 96.6 138.27] 59 | 186.3 | 179.9 

_ 14. 4113.97 80] 57.5 | 55. 00.7 | 97.3 138.9— 60 | 187.0! 180.6 
21 15.1 | 14.6] 81 68.3 | 56. 01.4 | 97.9 139.6] 261 | 187.7 | 181.8 

15.8 | 15.3] 82] 59.01 57. 102.1 | 98.6 140.31 62 | 188.5 | 182.0 

16.5 | 16.0] 83] 59.7 | 57. 102.9 | 99.3 141.0] 63 | 189.2 | 182.7 

17.8 | 16.7] 84] 60.4 | 58. 103.6 | 100.0 141.7] 64 | 189.9 |] 183.4 

18.0 | 17.4] 85] 61.1 | 59. 104.3 | 100. 7 142.4] 65 | 190.6 | 184.1 

18.7 | 18. 86] 61.9 | 59. 105.0 | 101.4 143.1] 66 / 191.3 | 184.8 

19.4 87 | 62.6 | 60. 105. 7 | 102.1 143.8] 67 | 192.1 | 185.5 

20. 1 88 | 63.3 | 61. 106. 5 | 102.8 144.5] 68 } 192.8 | 186.2 

20.9 89 | 64.0 | 61. °107. 2 | 103.5 145.2] 69 | 193.5 | 186.9 

21.6 90 | 64.7 | 62. 107.9 | 104. 2 145.9] 70 | 194.2 | 187.6 


SorSS2/SSSSeeNS SE SBBRERVBE 


1 

18.8 

19.5 

20.1 

20. 8 
22.3 | 21.57 91) 65.5 | 63. 146. 6] 271 | 194.9 | 188.3 
23.0 | 22.2] 92] 66.2 | 63. 109.3 147.3] 72 | 195.7 | 188.9 
23.7 | 22.9] 93 {| 66.9 | 64. 110.1 148.0] 73 | 196.4 | 189.6 
24.5 | 23.6] 94] 67.6 | 65. 110.8 148.7] 74 | 197.1 | 190.3 
25.2} 24.87 95} 68.3 | 66. 111.5 149.4] 75 | 197.8 | 191.0 
25.9 | 25.0] 96] 69.1 | 66. 112.2 150.07 76 | 198.5 | 191.7 
26.6 | 25.7] 97] 69.8 | 67. 112.9 150.7] 77 | 199.3 | 192.4 
27.3 | 26.4] 98] 70.5 68. 113.7 151.4] 78 | 200.0 | 198.1 
28.1 | 27.1} 99] 71.2 | 68. 114. 4 152.1] 79 | 200.7 | 193.8 
28.8 | 27.8 | 100 | 71.9 | 69. 115.1 152.8] 80} 201.4] 194.5 
29.5 | 28.5 7 101 72.7 | 70. 115. 8 Ze 153. 5] 281 | 202.1 | 195.2 
30.2 | 29.2] 02] 73.4 } 70. 116. 5 22 154.2] 82 | 202.9 | 195.9 
30.9 | 29.97 O03] 74.1) 71. 117.3 23 154.97 83 | 203.6 | 196.6 
31.7 | 30.6 | 04] 74.8 | 72. 118.0 24 155.6] 84 | 204.3 | 197.3 
82.4 | 31.3] 05] 75.5 | 72. 118. 7 25 156.3] 85 | 205.0 | 198.0 
33.1 | 32.0] O06 | 76.3 | 73. 119. 4 26 157.0] 86 | 205.7 | 198.7 
47 | 33.8 |] 32.6] 07, 77.0 | 74. 120. 1 27 157.7] 87 | 206.5 | 199.4 
48 | 84.5 | 33.3] 08] 77.7 | 785. 120.8 28 158.4f 88 | 207.2 | 200.1 
49 | 85.2] 34.0] 09 | 78.4 | 75. 121.6 29 159.1] 89 | 207.9 | 200.8 
50 | 36.0) 34.7] 10] 79.1 | 76. 122.3 30 159.8% 90 | 208.6 | 201.5 
5] 36.7 | 35.4 F 111 79.8 | 77. 123.0 ‘ 160. 5F 291 | 209.3 | 202.1 
52 37.4 | 36.1 12 80.6 | 77. 123. 7 161.2] 92 | 210.0 | 202.8 
53 | 38.1] 36.87 13] 81.3 | 78. 124.4 161.9] 93 | 210.8 | 203.5 
54] 38.8] 37.5] 14] 82.0 | 79. 125. 2 162.6] 94 | 211.5 | 204.2 
55 | 39.6] 38.2] 15] 82.7 | 79. 125.9 163.2] 95 | 212.2 | 204.9 
56 | 40.3 | 38.9) 16] 83.4 | 80. 126. 6 163.9] 96 | 212.9 | 205.6 
57 | 41.0] 39.6] 17] 84.2 | 81. 127.3 164.6] 97 | 213.6 | 206.3 
58 | 41.7 | 40.337 18] 84.9 | 82. 128. 0 165.3] 98 | 214.4 | 207.0 
59 | 42.4 [41.0] 19] 85.6 | 82. 28.8 166.0] 99 | 215.1 | 207.7 
60 | 43.2] 41.7] 20] 86.3 | 83. 129. 5 166. 7] 300 | 215.8 | 208.4 

Dist. | Dep. Lat. | Dist. | Dep. Dep. Lat. | Dist. | Dep. Lat. 


In Plane Salling. : 


Forconverting Dep. into Diff. Long. and Diff. Long. into Dep. 
Iu Middle Latitude Sailing. 


For converting Dep. into Diff. Lonj. and Diff. Long. into Dep. 
In Mercator Salling. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


TABLE 8. 
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Difference of Latitude and Departure for 44° (186°, 224°, 316°). 


$02.8 | 292.5] 481 
$03.6 | 293.1] 82 
304.3 | 293.8] 83 
305.0 [294.5] 84 
‘$05.7 [295.2] 85 
$06.4 | 295.9] 86 
$07.2 |296.6] 87 
$07.9 1297.3] 88 
$08.6 | 298.0] 89 


215.3] 70 | 266.2 309.3 | 298.7 
216.0} 371 | 266.9 310.0 | 299.4 
216.7] 72 | 267.6 $10.8 |300.1 
217.4] 73 | 268.3 311.5 | 300.8 
218.1] 74 | 269.0 312.2 |301.5 
218.8] 75 | 269.8 312.9 | 302. 2 
219.54] 76 | 270.5 313.6 | 302.9 
220.2] 77 | 271.2 314.4 | 308.6 
220.94 78 | 271.9 $15.1 | 304.3 
221.6] 79 | 272.6 315.8 | 305.0 
222.3] 80 | 273.3 316.6 | 305. 6 
223.0] 381 | 274.1 317.2 | 306.3 
223.7] 82 | 274.8 317.9 | 307.0 
224.49 83 | 275.5 318.7 | 307.7 
225.1] 84 | 276.2 319.4 | 308.4 
225.8 85 | 276.9 $20.1 {309.1 
226.5] 86 | 277.7 $20. 8 | 309.8 
227.2] 87 | 278.4 321.5 |310.5 
227.8] 88 | 279.1 322.3 |311.2 
228.5] 89 | 279.8 323.0 | 311.9 
229.25 90 | 280.5 | $23.7 |312.6 
229. 9] $91 | 281.3 324.4 |313.3 
230.6] 92 | 282.0 2 | 325.1 | 314.0 
231.3] 93 | 282.7 325.9 | 314.7 
232.0] 94 | 283.4 326.6 | 315.4 
232.7] 95 | 284.1 327.3 |316.1 
233.4] 96 | 284.9 328.0 | 316.8 
234.1] 97 | 285.6 328.7 | 317.5 
234.8] 98 | 286.3 329.5 | 318.2 
235.54 99 | 287.0 330. 2 {318.8 
236.24 400 | 287.7 330.9 | 319.5 
236.9 401 | 288.5 331.6 | 320.2 
237.6] 02 | 289.2 332.3 | 320.9 
238.3] 03 | 289.9 333.1 | 321.6 
239.0] 04 | 290.6 333.8 | 322.3 
239.77 05 | 291.3 334.5 | 323.0 
240.4] 06 | 292.1 335.2 | 323.7 
241.0] 07 | 292.8 335.9 | 324. 4 
241.7] 08 | 293.5 336.7 | 325.1 
242.4] 09 | 294.2 337.4 | 325.8 
243.14 10 | 294.9 338.1 | 326.5 
243.8] 411 | 295.6 338.8 | 327.2 
244.5] 12 | 296.4 339.5 | 327.9 
245.2] 13 | 297.1 340.2 | 328.6 
245.99 14 | 297.8 341.0 | 329.3 
246.6] 15 | 298.5 341.7 | 330.0 
247.3] 16 | 299.2 342.4 | 330.7 
248.0] 17 | 300.0 343.1 | 331.4 
248.7] 18 | 300.7 343.8 | 332.0 
249.4) 19 | 301.4 344.6 | 332.7 
250.1] 20 | 302.1 345.3 | 333. 4 


Dep. Lat. | Dist. 


In Plane Sailing. 


For converting Dep.into Diff. Long. and Diff. Long.into Dep. 
In Middle Latitude Salling. 


For conve .into Dif’. Long.and Dif’. Long. into Dep. 
Mercator ailing. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 
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Page 106] TABLE 8. 
Difference of Latitude and Departure for 45° (135°, 225°, 315°). 


1] 0.7| O07] 61/ 48.1] 43.1 170.4 
2} 14] 14] 62] 43.8] 43.8 171.1 
8] 21] 21] 63|44.5| 44.5 171.8 
4| 28| 28] 64] 45.8] 45.3 , 172.5 
5} 3.5] 3.5] 65| 46.0) 46.0 ; 173.2 
6] 4.2] 4.2] 66| 46.7) 46.7 89.1] 89.1 173.9 
7| 4.9| 4.9] 67 | 47.4] 47.4 89.8| 89.8 174.7 
8] 6.7] 5.7] 68) 48.1] 48.1 90.5| 90.5 175.4 
9] 64] 6.4] 69) 48.8] 48.8 91.2| 91.2 176.1 
10| 7.1]. 7.1] 70 | 49.5 | 49.5 91.9| 91.9 176.8 
7.8| 7.8) 71|60.2| 50.2 92.6| 92.6 
8.5| 8.5] 72 | 50.9| 50.9 93.3| 93.3 178.2 
9.2} 9.2] 73/516] 51.6 94.0| 94.0 178.9 
9.9] 9.9] 74/523] 52.3 94.8| 94.8 179.6 
10.6| 10.6} 75 | 53.0| 53.0 95.5| 95.5 180.3 
11.3] 11.3] 76 | 53.7] 53.7 96.2| 96.2 181.0 
12.0| 12.0] 77 | 54.4| 54.4 96.9| 96.9 181.7 
12.7) 12.7] 78| 55.2) 55.2 97.6| 97.6 182.4 
13.4{ 13.4} 79 | 55.9 | 55.9 98.3} 98.3 183.1 
14.1] 14.1] 80| 56.6] 56.6 99.0] 99.0 183.8 
14.8| 14.8] 81 | 57.3] 67.3 99.7| 99.7 
15.6] 15.6] 82| 58.0] 58.0 4| 100.4 185.3 
16.3 | 16.3] 83 | 58.7] 58.7 , 186.0 
17.0| 17.0] 84 | 59.4] 59.4 186.7 
17.7 | 17.7] 85 | 60.1] 60.1 187.4 
18.4| 18.4] 86] 60.8] 60.8 188.1 
19.1! 19.1] 87 | 61.5] 61.5 188.8 
19.8| 19.8] 88 | 62.2] 62.2 189.5 
20.5} 20.5] 89 | 62.9| 62.9 190.2 
21.2] 21.2] 90 | 63.6| 63.6 190.9 
21.9] 21.9] 91 | 64.3 
22.6} 22.6| 92 | 65.1 192.3 
23.8 | 23.3] 93 | 65.8 193.0 
24.0] 24.0] 94 | 66.5 193.7 
24.7 | 24.7]. 95 | 67.2 194.5 
25.5 | 25.5] 96 | 67.9 195.2 
26.2] 26.2] 97 | 68.6 195.9 
26.9} 26.9] 98 | 69.3 196.6 
27.6} 27.6] 99 | 70.0 197.3 
28.3 | 28.3 | 100 | 70.7 198.0 
29.0} 29.0 | 101 | 71.4] 71. 
29.7 | 29.7] 02] 72.1] 72.1 199.4 
30.4] 30.4] 03| 72.8] 72.8 200.1 
31.1] 31.1] 04] 73.5] 73.5 200.8 
31.8] 31.8] 05] 74.2| 74.2 201.5 
32.5 | 32.5] 06/ 75.0] 75.0 202.2 
33.2] 33.2] 07] 75.7] 75.7 202.9 
33.9} 33.9] 08| 76.4! 76.4 203.6 
34.6] 34.6] 09| 77.1 | 77.1 204.4 
35.4 | 35.4] 10| 77.8 | 77.8 205.1 
51 | 36.1 | 36.1] 111 | 78.5| 78. 
36.8] 36.8] 12] 79.2] 79.2 206.5 
37.5 | 37.5] 13| 79.9] 79.9 207.2 
38.2| 38.2] 14] 80.6] 80.8 207.9 
38.9| 38.9] 15} 81.3] 81.3 208.6 
39.6] 39.6] 16/ 82.0| 82.0 209.3 
40.3} 40.38] 17 | 82.7] 82.7 210.0 
41.0} 41.0] 18 | 83.4] 83.4 210.7 
41.7| 41.7] 19| 84.1] 84.1 211.4 
42.4| 42.4] 20| 84.9] 84.9 212.1 


Dep. | Lat. | Dist.| Dep. | Lat. | Dist. | Dep. 
45° (135°, 225°, 315°). 


In Plane Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For converting Dep. into Diff. Long. and Diff. Long. into Dep. 


In Mercator Sailing. 


For multiplication of numbers by sines and by cosines, or 
solution of plane right-angled triangles. 


1 | 177.5 


184.6 


191.6 


198.7" 


205.8 | 205.8 


TABLE 3. 


Difference of Latitude and Departure for 45° (135°, 225°, 315°). 
Djst.| Lat. | Dep. | Dist.| Lat. Dep. | Dist. | Lat. Dep. { Dist.| Lat. 


301 | 212.8 | 212.8] 361 | 255.3 | 255.3] 421 | 297.7 | 297.7] 481 
02 | 213.5 {213.5% 62 | 256.0 | 256.0] 22 | 298.4 | 298.4] 82 
03 | 214.3 [214.31 63 | 256.7 |256.71 23 | 299.1 | 299.1] 83 
04 | 215.0 [215.0] 64 | 257.4 |257.4] 24 | 299.8 | 299.8} 84 
05 | 215.7 | 215.7] 65 | 258.1 | 258.1] 25 | 300.5 | 300.5) 85 
06 | 216.4 {216.47 66 | 258.8 | 258.8] 26 | 301.2 |301.2] 86 
O7 | 217.1 |217.1§ 67 | 259.5 | 259.5] 27 | 301.9 | 301.9] 87 
08 | 217.8 |217.8} 68 | 260.2 |260.2] 28 | 302.6 | 302.6] 88 
09 | 218.5 | 218.5] 69 | 260.9 | 260.9] 29 | 303.4 | 303.3] 89 
10 | 219.2 | 219.2 70 | 261.6 | 261.6] 30 | 304.1 |304.1] 90 


311 | 219.9 1219.9] 371 | 262.3 | 262.3] 431 | 304.8 | 304.8] 491 
12 | 220.6 |220.6] 72 | 263.0 |263.0] 32 | 305.5 | 305.5] 92 
13-| 221.3 | 221.3] 73 | 263.8 | 263.8] 33 | 306.2 |306.27 938 
14 | 222.0 | 222.0] 74 | 264.5 | 264.5} 34 | 306.9 | 306.9] 94 
15 | 222.7 | 222.7 75 | 265.2 | 265.2] 35 | 307.6 |307.6] 95 
16 | 223.4 | 223.4] 76 | 265.9 |265.9]— 36 | 308.3 |308.3] 96 
17 | 224.2 | 224.2 77 | 266.6 | 266.6] 37 | 309.0 | 309.0] 97 
18 | 224.9 | 224.9] 78 | 267.3 ; 267.3] 38 | 309.7 |309.7] 98 
19 | 225.6 | 225.6] 79 | 268.0 |268.0] 39 | 310.4 |310.4] 99 
20 | 226.3 | 226.37 80 | 268.7 |268.7§ 40 | 311.1 |311.1] 500 

321 | 227.0 | 227.0} 381 | 269.4 | 269.49 441 | 311.8 | 311.8] 501 

227.7][ 82 | 270.1 |270.1] 42 | 312.5 |312.5] 02 
228.4 83 | 270.8 |270.8]7 43 | 313.3 {313.27 03 
229.1] 84 | 271.5 | 271.5] 44 | 314.0 |314.0] 04 
229.8] 85 | 272.2 [272.2] 45 | 314.7 [314.7] 05 
230.59 86 | 272.9 |272.9] 46 | 315.4 |315.4] 06 


SaaRBSEESS 
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231.2] 87 | 273.7 [273.7] 47 | 316.1 |316.1] 07 67 | 400.9 | 400 
231.9] 88 | 274.4 |274.4] 48 | 316.8 |316.8] 08 68 | 401.6 | 401. 
232.6] 89 | 275.1 |} 275.1] 49 | 317.5 |317.5] 09 69 | 402.3 | 402. 
233.3] 90 | 275.8 |275.8] 50 | 38.2 {318.29 10 70 | 403.0 | 403. 
234.19 591 | 276.5 | 276.57 451 | 318.9 | 318.99 511 571 | 403.8 | 403. 
234.8] 92 | 277.2 |277.2§ 52 | 319.6 |319.6] 12 72 | 404.5 | 404. 
235.5% 93 | 277.9 [277.97 53 | 320.3 |320.34 13 73 | 405.2 | 405. 
236.29 94 | 278.6 1278.6] 54 | 321.0 |321.0] 14 74 | 405.9 | 405. 
236.9] 95 | 279.3 | 279.3] 55 | 321.7 [321.7] 15 75 | 406.6 | 406. 
237.64 96 | 280.0 | 280.07 56 | 322.4 |322.4— 16 76 | 407.3 | 407. 
238.39 97 | 280.7 | 280.7] 57 | 323.2 |323.1] 17 77 | 408.0 | 408. 
239.0§ 98 | 281.4 281.4] 58 | 323.9 |323.9]7 18 78 | 408.7 | 408. 
239.7% 99 | 282.1 [282.1% 59 | 324.6 [224.69 19 79 | 409.4 | 409. 
240.4} 400 | 282.8 | 252.8] 60 | 325.3 [325.35 20 80 | 410.1 | 410 


241.19 401 | 283.6 | 283.5) 461 | 326.0 | 326.0] 521 
241.8] 02 | 284.3 | 284.39 62 | 326.7 | 326.7] 22 
242.5] 03 | 285.0 | 285.0] 63 | 327.4 1327.4] 23 
243.2] 04 | 285.7 | 285.7] 64 | 328.1 [328.1] 24 
244.0] 05 | 286.4 | 286.4] 65 | 328.8 |328.8§ 25 
244.74 O6 | 287.1 | 287.1] 66 | 329.5 {329.59 26 
245.4] O7 | 287.8 | 287.8] 67 | 330.2 [330.27 27 
246.1] 08 | 288.5 | 288.5] 68 | 330.9 | 330.97 28 
246.8] 09 | 289.2 (289.27 69 | 331.6 {331.67 29 
247.5] 10 | 289.9 | 289.9§ 70 | 332.3 | 332.3] 30 

248.2] 411 | 290.6 | 290.6] 471 | 333.1 [333.07 531 
248.97 12 | 291.3 | 291.3] 72 | 333.8 1333.8] 32 
249.6] 13 | 292.0 | 292.0% 73 | 334.5 [334.5] 33 
250.3 14 | 292.7 |292.77 74 | 335.2 {335.27 34 
251.0f 15 | 293.5 | 293.4] 75 | 335.9 [335.9] 35 
251.7] 16 | 294.2 | 294.2] 76 | 336.6 | 336.6] 36 
252.4] 17 | 294.9 | 294.9] 77 | 337.3 [337.3] 37 
253.1 18 | 295.6 | 295.6] 78 | 338.0 [338.0] 38 
253.9§ 19 | 296.3 | 296.3] 79 | 338.7 [338.7] 39 
254.6] 20 | 297.0 | 297.0] 80 | 339.4 | 339.4] 40 


Dist. } Dep. Lat. | Dist. | Dep. Lat. | Dist. | Dep. Lat. } Dist. 
45° (135°, 225°, 315°). 


In Plane Sailing. 


Forconverting Dep.into Diff. Long. and Diff. Long. into Dep. 
In Middle Latitude Sailing. 


For converting Dcep.into Dif. Long. and Diff. Long.into Dep. 
In Mercator Saliing. 


N NxXSin. 


solution of plane right-angled triangles. Hypote 
nhuse. 


For multiplication of numbers by sines and by cosines, or 


TABLE 4. 


Conversion of Departure into Difference of Longitude. 
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Page 110] TABLE 4. 
Conversion of Departure into Difference of Longitude. 


Middle Latitude. 


33° | 34° 36° | 37° | 38° | 39° 40° | Dep. 
D. Lo. | D. La. - Lo. | D. Lo. | D. Lo. | D. Lo. | D. Lo. , - la. - La. : " 

12) 1.2) 12) 12) 213! u3l nal 1.3 o43als hunal onal) Lal 1 
24424, 24 25] 25) 25) 2e 26 26 26 27, 27) 2 
3636 37) 37) 38! 38 39) 39) B29 B99 40) 40] 8 
4.8\ 481 49 49 5.0; 5.1) 51) 52!) 62) 62! 53] &3] 4 
60| 60) 61, 62) 63) 63) 64 64 65 65 66 66 5 
7.2, 721 7.3) #744 #75) #76 67 7])6hU78!)6h 678!) 68) 68 Ol U8 6 
g83\ 844 85) 87) ssi sa9o ao 91) 92! 93) 931 7 
95 9.6 98 9.9 100} 102) 103] 104] 10.4| 105| 10.6] 10.7] 8 
10. 7| 10.9] 11.0} 11.1] 11.3] 11.4] 11.6} 11.7] 11.7! 118] 11.9] 120] 9 

11.91 12.1} 122) 124] 125) 127/ 129] 1230] 1231! 132} 133] 134 

3 1| 13.3 13.4| 136/13 8| 14.0| 142! 14.3] 144! 14.5) 146] 147 

4.3 14.5| 146] 14.8] 15.0) 15.2] 15.4] 1586 15.8 16.0 

51 15.7| 15.9] 1611 163] 165] 167) 169 17. 1 17.3 

.71 16.9| 17.1! 17.3] 17.8] 17.8! 180] 182 18. 4 18 7 

-9| 18. 1 18.5, 188] 19.0) 19.3/ 19.5 19. 7 20. 1 

1] 19.3 19.8} 20.0] 20.3) 20.6} 208 21. 0 21.3 

3] 20. 5 21.0| 21.3] 21.6] 21.9! 221 22. 4 22.7 

5] 21.7 22.2} 22.5] 228] 232! 23.4 23. 7 24. 1 

6| 22.9 23.5| 23.8] 24.1] 2441 246 25.0 25. 4 

8] 24. 1 24.7| 25.0| 25.4} 25.7] 25.9 26.3 26.7 

0! 25.3 26. 0| 26 3} 26.6| 27.0| 27.2 27.6| 27.8| 281 

21 26.5 27.2| 27.5] 27.9] 283 29.0) 29.2! 29.4 

4| 27.7 98.4] 288 29.2] 29.6 30.21 30.5| 30.7 

6| 28 9 29.7| 30.1} 30.5| 30.9 31.6 31.8| 32.1 

8| 30. 2 30.9} 31.3| 31.7| 322 32.9] 33.11 334 

0} 31. 4 32.1] 32.6] 33.0] 33.5 34.21 34.51 348 

2| 32. 6 33. 4| 33.8] 34.3] 34.7 35.5| 35.8] 361 

4| 33.8 34.6] 35.1| 35.5] 360 36.9| 37.1| 37.4 

6| 35.0 35.8] 36.3] 36.8] 37.3 38.2} 384] 387 

8| 36.2 37. 1|_37.6| 381] 38.6 39.5| 39.81 40.1 

0} 37. 4] 37.8] 383] 388] 39.31 39.9] — 40.5) 40. 8| 41.1) 41.4 

9| 38. 6 39.6] 40.1| 40.6] 41.2 42. 42 8 

3| 39. 8 40.8] 41.3] 41.9| 425 43. 44, 1 

5| 41.0 42.0| 42.6| 421] 43.8] 441 44. 45. 5 

7| 42.2 43.3] 43.8| 44.4] 45.0| 45.4 46. 46.5 

9| 43. 4 44.5} 45.1| 45.7] 463] 46.7 47. 48.1 

1| 44.6 45.7| 46.31 47.0] 47.61 47.9 48. 49. 4 

3| 45. 8 47.0| 47.6] 482] 4891 49.3 50. 50. 8 

5| 47.0| 47.6| 482] 48.8] 49.5! 50.2! 50.6 51. 52.1 

_47.7| 48 2} 48 8) 49.4] 50.1] 50.8] 51.5] 51.9 52.6 53. 4 

9| 49.5| 50.1} 50.7| 51.3) 52.0| 52.8} 63.2) 53. 547 

1} 50.7| 51.3] 51.9| 526) 533] 540] 544 5B. 56.1 

3\ 51.9] 52.5| 532] 538 546] 55.3 55.7 56. 57.5 

5| 53.11 53.7| 544] 55.1| 55.8] 56.6] 57.0 57. 5& 8 

7| 54.3| 549] 55.6| 56.3| 57.1] 57.9] 583 59. 60. 1 

8| 55.5| 56.2} 669] 57.6] 584] 59.2] 59.6 6L 5 

0| 56.7| 57.4 581] 58.9] 59.61 60.5] 61.0 62.8 

21 57.9] 586] 69.3] 60.1] 60.9] 61.8] 623 64. 1 

4| 59.1) 59.8] 60.6] 61.4} 62.2] 631! 636 5. 4 

6 60.3] 61.0| 61.8 62.6/ 63.5| 643] 64.8 65.8 _ 66.8 

8| 61.5 63.0| 63. 9| 64. 7| 65.6| 66.1| 66. r 1 

0| 62. 7 64.3| 65.1| 66.0! 66.9| 67.4 5 

21 63. 9 65.5| 66.4) 67.3} 682) 687 8 

4| 65. 1 66.7| 67.6| 685] 69.5] 69.9 1 

6] 66. 3 68.0| 68.9] 69.8] 70.8] 71.3 5 

8] 67.5 69.2] 70.1] 71.1] 721| 726 8 

0} 68 7 70.5| 71.4] 72.3| 7331 73.8 1 

2! 70.0 71.7| 72.6} 73 6| 74.6) 75.2 5 

_4| 71.2 72.9| 73.9| 74.91 75.91 765 8 

5| 72. 4 74.2| 75.1] 761! 77.2] 77.8 1 
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Conversion of Departure into Difference of Longitude. 
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Middle Latitude. 


D. Lo.| D. Lo. | D.Lo. | D. Lo. | D.Lo. | D. Lo. | D. Lo. | D. Loe. | D. Le. | D. Lo. | D.Lo.| D. Le. 


53° 30’| Dep. 


Dep. | 48° |48° 30’; 49° [49° 30’| 50° |50°30’| 51° (51° 30’| 52° |52° 30’ 
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TABLE 4. 


Conversion of Departure into Difference Longitude. 


Middle Latitude. 
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Meridional Parts, or Increased Latitudes. 
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34° 35° 
2158. 4 | 2230. 9 
59.6] 321 
60.8 | 33.3 
62.0| 34.5 
63.2| 35.7 
5164.4 | 2236.9 
65.6| 38.2 
66.8| 39.4 
68.0| 40.6 
69.2| 41.8 
2170. 4 | 2243.0 
71.6| 442 
72.8| 45.5 
74.0| 46.7 
75.21 47.9 
2176.4 | 2249.1 
77.6| 50.3 
78.8| 51.6 
80.0} 52.8 
81.2] 54.0 
2182.5 | 2256.2 
83.7| 56.4 
84.9| 57.7 
86.1| 58.9 
87.3] 60.1 
2188.5 | 2261.3 
g9.7| 62.5 
90.9| 63.8 
92.1| 65.0 
93.3 | 66.2 
2104.6 | 2267.4 
95.71 68.7 
96.9| 69.9 
98.1] 71,1 
99.4] ° 72.3 
2200. 6 | 2273.5 
018] 748 
08.0} 76.0 
04.2] 77.2 
05.4] 78.4 
3206.6 | 2279.7 
07.8} 80.9 
09.0] 821 
10.2| 83.3 
11.5 | 384.6 
2219.7 | 2285.8 
13.9| 87.0 
15.1| 88.3 
16.3| 89.5 
17.5| 90.7 
2218.7 | 2291.9 
19.9| 93.2 
21.1] 94.4 
22.4| 95.6 
23.6| 96.9 
2224.8 | 2298.1 
26.0| 99.3 
27.2 | 2300.5 
28.4| 01.8 
29.6] 03.0 
34° 35° 
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so° (| soM. 
2530.2 | 0 
31.5] 1 
32.8] 2 
34.0| 8 
35.3 | 4 
2536.6 | 5 
37.9| 6 
39.2] 7 
40.5| 8 
41.7] 9, 
2543.0 | 10 
44.3] 11 
45.6 | 12 
46.9] 13 
48.2] 14 
2549.5 | 15 
50.7 | 16 
52.0] 17 
53.31 18 
54.61 19 
2555.9 | 20 
57.2 | 21 
58.5 | 22 
59.8 | 23 
61.0 | 24 
2562.3 | 25 
63.6 | 26 
64.9 | 27 
66.2 | 28 
67.5 | 29 
2568.8 | 30 
70.1 | 31 
71.4| 32 
72.7 | 38 
73.9 | 34 
2575.2 | 36 
76.5 | 36 
77.8 | 37 
79.1 | 38 
80.4 | 39 
2581.7.| 40 
83.0 | 41 
84. 3 
85.6 | 43 
86.9 | 44 
2588.2 | 45 
89.5 | 46 
90.8 | 47 
92.1 | 48 
93.4 | 49 
2594.7 | 50 
96.0] 51 
97.3 | 52 
98.5 | 53 
99.8] 54 
2601.1 | 55 
02.4 | 56 
03.7 | 57 
05.0 | 58 
06.3] 59 
39° M. 
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Meridional Parts, or Increased Latitudes. 
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TABLE 6. 
Length of a Degree in Latitude and Longitude. 
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TABLE 6. 
Length of a Degree in Latitude and Longitude. 
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TABLE 7. 


Distance of an Object by Two Bearings. 
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Difference between the course and first bearing. 
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TABLE 7. 


Distance of an Object by Two Bearings. 
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Distance of an Object by Two Bearings. 
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TABLE 7. 
Distance of an Object by Two Bearings. 
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Distance of an Object by Two Bearings. 
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TABLE 8. 
Distance of Visibility of Objects at Sea. 
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TABLE 9. 
Distance by Vertical Angle (Distance less than 5 miles). 
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Page 132] TABLE 9. 
Distance by Vertical Angle (Distance less than 5 miles). 
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TABLE 10. 
Distance by Vertical Angle (Distance greater than 5 miles). 
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TABLE 10. [Page 135 
Distance by Vertical Angle (Distance greater than 5 miles). 
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TABLE 10. 
Distance by Vertical Angle (Distance Greater than 5 miles). 
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TABLE 14. 
Conversion Tables for Nautical and Statute Miles. 


Nautical miles into statute miles. Statute miles into nautical miles. 
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Parallax in Altitude of a Planet. 
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TABLE 22. 
Mean Refraction. 
[Barometer, 80 inches. Fahrenheit's Thermometer, 50°.) 


Page 150] 


emsKG Noe Moatmonia Geauus nebe we Semele ween Gomens Ceonweuwossese 


‘sdddddisddsss wane hehe peer i in| spe i a Mee 


SM etaet Kt MOSDOOS OOOO OOC/SCOOCOCOO OOOO OCO|SCOC OC OC|OOCeOSC CSCO eo eoClooocooeoloooooolo 


ig 
LE 


- SRISRISRISRISRISRES38888/88SSSsssssssissssssssssssssssssssssss|s 


oF QS SF BS BR BS MVSSSSSSS5SS SSSSSSSSSEE ARREEK KR SSSRSRBSSLSS 


HID DB [OD IHN SED BD I 1 9 1D ONIN END WHOS [OO ODN OHH BOHM IN Sete OO [a aAqNN OH Wnypdr DON [WHO DON dir 


6 
0 
is 
rs) 
< 


~ 


Mean Re [A 


nt 
titude. 


SR ee Ba Sa 8 Sa a Be 
Ss ss § 8 


i 


A 


~ 
SHARAA RASA AP STN TS SBSSSWGIIVGHIESGRASSSRARRARKAAAT IS RARA TIES er owls 


Siac sidered: ‘acids ions Vaciaeaaaiad iz aca gc ia ae nas a 


~SARSIBSARSIRSARSSBSARSZISSALRSSSSARSZISSARKISISARSSSISARKSSSARSIB/S 
© ht @ fe] [ae N so) 


a a a 


Mean Re- [A 


fraction. 


parent 
titude 


08 4 re pea ra & NN 


Al 


. IMHO SMM INENM OH DD HO DOMINO AABDAADO ANA’ MIMO HAN ME (OOO MDW IN DOH OOO | HONNHN MAID DNDOO W/A 


seucuuieoneujceres teeter ieretey eaeres eaerteerewe rename SH HUS & |S 


fraction. 


SMD DD 1D DUD JD UD DD DD [UD LD LD RE et hl RE et el eet | et eet el el et eye et ef et el ef eft | ei eel eit eg gt ee | cpt et ett et FEED 10). FD. OD OVD. OD. CVD [C19 OD. OND CVD. OF. 9 [OVD 


g|-saeeeseseraeeeesese sores SBeees SSSeRe S8e4Z5 S8aSRR SaSesEseRseses 
=) o 4 . 


0o® 


pparent | sean Re PA 


m4 N N 
ms van van Lame van = 4 4 = 


Altitude 


“ 


RBRRILSLSRAAMOSILSS ANAS ZS BISSBR RAO TB BRIS BRRVA gem oN BSSSSSB 
3 Hic pRReRG Seems ayaERE hhe nen rnin eaemae emNeem 


~ SSSSSSS2ARRRBSBSBISSSARARBSVRSBSSSLRRZSSSSZBSSLLRRSBSFSBSSSLRRs 
ue © © ~ ~~ oo] io) os) 


O AN OO Hoe oO 


Adan aesdds ceeds dass +s sdesdd wees Gagges sanaeseones seesen a 


Mean Re [| A 


traction. 
¢ 


sik esis 


Apparent 
Alutude. 
° 


[Page 151 


TABLE 23. 


Correction of the Sun’s Apparent Altitude for Refraction and Parallax. 


[Barometer, 80 inches. Fahrenheit’s Thermometer, 50°.) 
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TABLE 285. 
Correction of the Mean Refraction for the Height of the Thermometer. 
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Pago 154] TABLE 25. 
Correction of the Mean Refraction for the Height of the Thermometer. 


Mean refraction. 


Ther, Ther. 
pope a te nd ate 
o” | 307 | o | 80” | 07 | 80” 0” 30” | 0” o | 807 | o | 807] 0” 

° a a” a a ff a 4 a ff @ a ff 9 4 w# a a 
5010; O|; O01 O; O| O 07; O01 O|; O| O}| OF O| OF OF OF} O 
51701 0/0; O; O| O 1/1i 27 2} 2yo1ljsyayiyirtliyi 
56270; 010/ 0; O| 1 1/1) 1/1} 2] 2} 2); 21 2] 21 2 
6810; 0/07 1] 1] 1 2; 2); 2/ 2} 21 2} 8; 8} 8] 8] 4 
6470/ 0/0) 1) 1) 1 _2{ 2) 3) 3) 3] 3) 4) 4) 47) 6] 6 
6 70/ O11) 17 1) #1 8{| 3| 8/ 41 41 44 5] 57 5] 6} 6B 
56670); OO; 1 1] 1] 2 8/4; 4/7] 44 5] 6] 6] 6] 6] 7 7 
5710! O11] 1] 2] 2 4/4; 5] 56| 6; 6] 6! 7] 8] 8] 8 
56810] OO; 1 1; 2; 2 4/56! 5] 61 6] 7] 7/| 8] 9} 91] 10 
6970] Pit) 2) 2) 3 _5|_5) 6 | 6) 7) 8) 8] 9/10) 10) 11 
6070; 1] 1 2; 2! 8 6/6 71 71 8} 9f 9110/11 | 11 | 12 
6L FO; 17/1] 2| 8] 8 6| 71 71 81 919 11} 12/ 12| 18 
624#0/| LI1]}] 2] 8] 8 6) 7| 8| 9! 9 12 | 13! 14] 15 
68iO; lil} 2] 8) 4 71 8] 8|9 13 | 14/15 | 16 
6470) 1/2) 2) 3/4 _7 | 8} _ 9 |10 13 14 | 15 | 16 | 17 
65 10 1/2] 8] 8] 4 8 | 9/10 15/16/17 |18 
66470; 112] 8] 41 5 8] 9] 10 161 17]18 | 19] 20 
6710;' 112] 8] 41 & 9 17 | 18 | 19 | 20} 22 
6810; 1);2] 21] 4] §& 9 18 | 19 | 20 | 22 | 23 
6970} 1/2) 3) 4) 5 0 16 | 16) 17 | 19 | 20 | 21 | 23 | 24 
70 7 0 1/2] 8] 8] 6 20 | 21 | 22 | 241] 25 
7170; 1/27 47 8] 6 20 | 22 | 23 | 25 | 27 
7210; 1/2] 417 81 6 21 | 23 | 25 | 26 | 28 
7340/ 1/3] 4] 8] 7 22 | 24 | 26 | 27 | 29 
7470) 1/3) 4) 5) 7 10 | 11} 12 114) 15 | 17) 18 | 20) 22 | 23 | 25 | 27 | 28 | 30° 
7540; 1);8] 41] 6 24 | 26 | 28 | 29] 31 
7670; 1);8)] 4] 6] 7) 22 25 | 27 | 29 | 31 | $2 
7710; 1/87] 56] 6] 8 22 26 | 28 | 30 | 32 | 34 
78710; 2/8] 5] 6 8 23 27 | 29 | 81 | 33 | 85 
7970) 2/3) 5| 6) 8 jo} to pid) 16 | 20 24| 26 | 28 | 30 | 32 | 34 | 36 
80710; 2/31 5] 7] 8 25 29 | 81 | 33 | 35 | 37 
81710; 218] 6| 71] 9 26 30 | 82 | 34 | 86 | 88 
8210; 214] 5&1 7] 9 26 31 | 33 | 35 | 37 | 40 
88 70|.2/4] 5] 7] 9 27 31 | 34 | 36 | 38) 41 
s4]0| 2}/41/ 6| 8| 9/11] 13 {15| 17 |19| 21 |23| 26 | 28| 80 | 32 | 35 | 37 | 39 | 42 
8510/ 21,4] 6F 8] 10 22 29 33 | 36 | 38 | 40] 43 
8640; 21/4] 67 8] 10 23 29 34 | 87 | 89 | 42 | 44 
87710; 21,4] 6 8110 23 30 35 | 88 | 40} 43 | 45 
ss fO0| 2147 6] 8] 10 24 31 86 | 88 | 41 | 44 | 46 
8970) 2) 4) 6] 9) 11 20 | 22) 24 | 27) 29 | 32) 34 | 37 | 39 | 42 | 45 | 48 
9010; 214 7] 9; it 25 32 38 | 40 | 43 | 46 | 49 
9170; 2141] 7] 9{ ill 25 33 39 | 41 | 44 | 47 | 50 
9210; 21/5] 71 9{ 11 26 34 39 | 42 | 45 | 48 | 51 92 
98310; 215] 71 9] 12 27 35 40 | 43 | 46 | 49 | 524 98 
8490/2) 5) 7 110) 12 | 14) 17 119} 22 | 25) 27 | 30) 33 | 35) 38 | 41 | 44 | 47 | 60 | 63] 94 
95490! 215 7/10] 12 28 36 42 | 45] 48 | 611544) 95 
970; 215] 7/10} 12 28 37 43 | 46 | 49 | 52 | 55] 96 
97470; 81:5] 8110} 13 29 38 44 | 47 | 50 | 53 | 561 97 
9810} $;5] 8 110] 18 29 38 44148 | 51 | 54 | 584 98 
99f0] 8/5] 8 |11| 13 _24 |27] 80 |33| 36 |39| 42 | 45 | 49 | 52 | 55 | 59] 99 
10070; 3/5] 8 }11) 13 31 37 140 46 | 50 | 53 | 56 | 60 it 
i 
aunt | 9” | 2 | 07 | 80” | 07] 80” 30” so” | o*| 80” | 0” | 80" | 0” | 807| oF | 
o Vv 6’ 8! y 10 


? TABLE 26. [Page 155 
For reducing the Time of the Moon’s over the Meridian of Greenwich to the Time of its pass- 
over any other Meridian. The num here taken from this Table are to be added to the Time at 
.Greenwich in West Longitude, subtracted in East Longitude. 


Daily variation of the moon’s passing the meridian. 
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TABLE 27. 
Amplitudes. 
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TABLE 27. 
Amplitudes. 
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Declination of the same name as the latitude; upper transit; reduction additive. 
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Declination of the same name as the latitude; 
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Declination of the same name as the latitude; upper transit; reduction additive. 
Declination of the same name as the latitude; upper transit; reduction additive. 
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Declination of the same name as the latitude; upper transit; reduction additive. 
Declination of the same name as the latitude; upper transit; reduction additive. 


® SA ddd iden (dnd AAA ddA AA ANNINANNNNIN ANN AANA 09 5/09 OFF 09 Wi Wi iid 1d [00 ; oS 6 
gee ge STR PRIS FLEES SET SRY FS GEST UR 5 oS FT A 
g SH 119131 LD 1D WO O[ON KR NE 1D 1D LD PE 00 [O2 OS CV 079 10 [I~ OD Pat HOO CN 001 00 001 | 4 
ft ppd dridd ddd [ddA ANNA ANNAN IA AIA IN ON 09 09 09 09 [5 09 wi wi wl BBsrals csois | 
5 19191919 DI W DOKL [WK DDOHIAAMOOl/OCHAAAIMM WMN|ONOBOlAMWODOCMOOMHONR MMR NANA |, 
BS ddd ddd ddA AA AANINANNNAINAN AANA A oS Seb oedes wales SSNS Smid | & 
a |e Ia:emnNSL [DOMKOUC NOPE (pENNIO MetaOt |FANCE MC Can-aIt se MNSaANET, [AMUSE AIERS. PMmON RS AO (CORSE a cA Sen am er NO (0 


9D DDO OI BB B11 OB AIMD OS ret rt AAD FW OO (OM OAA/S SAO 0 AE 09/9 O10 © 
3 68 05 [05 03 3 63 wi] i wid id Sr Od 


Hos wg gq hs 6isor~ Co 


TABLE 29. 
Variation of Altitade in one minute from meridian passage. 


Declination of a different name from the latitude; upper transit; reduction additive. 
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Variation of Altitude in one minute from meridian passage. 


Page 168] 


oe OMNM MD OHDDHDOANM 
ond ed ed ed 


14 
15 
16 
17 
18 


a RaNRs RRNRR Raaas seaReleceeslesses 


_ WOR O00 
~ ah sal sel 5 cr 


™ OO BN IN 1 ORDO [CO & © HH 19 


GAHAAASISAANNINNAN SN 


HOD ODN IN 1 et © © 1D 00 0000 IO OOO 
NANNAINN NAN [ef eieigied [ied 


MIM wWM HMM IMAMONQIAN ste 


on — ae 
ted ed st iedetietied leita ein ce 


FASS 


Sl wel i wi wi Aeinnc (did nininil[dmininini (inning n AOS 


ANA Ste 


od eed eed ed mi 


pe Kan Kan tant! 


nl gl wel gl gi | wi rd 5 5 5 [05 013 05 5 5 NNANAN NAAN AIAN AA ‘an Kam Sun ham Lael (en han Kon Kon Kant lon Kan fan ken ton k—) 


GCP AHG OSH is as asc insa&in#»iann\4lrinndan\|aaaan CNT NT ded rt rt ed et cd dt drt ed et ed ed ed ed i fed ved ed et sem mAS 


vad et pod et | 


ND DE © 1 HOA Ht 1S 00 BH [OO 1H HHO OMA StS ODADIWD OHNO SD DWM W(WHWONOMNMMINANANSHHOSOOeE 
rtd td ed fd red ad red 


Of Of CF Of Of 


NANNNN 


NAAN SK 


ved st et ee ed 


oe I oe oe oe oe 


” 


15 265 sti stl sal | ati el ei ord 5 3 9 ON 


SH rt Od BD 169 A OS M00 [O10 WON [4 SD MOO 
NN AAA secede 


& WANE 
= 15 15 16 wt =i e .¢© .»® © j.ef «© «© ©  # ej]. 8  ¢g gf eof @ . 8&8 8 . © eof 8s 26f 8 ce j#f #© «© @ e« ef © «© @ @ -@ 


ot ed et et 


ats et ot et 


ronan on Kan fon) 


Sata 


19° 


wt sal gl ei od [ed 5 03 03 05 [OD CI HON 


SF 05 105 1065.05 [wt wel wl al ti lod od OS cS OS JS OS IHN INA AANA A NANA Heine idence lpiririnigilpinininini [pict cininiei 


BET SS saae Saaciailsiiataiesiotecsin | atetetn [eine deteicin | totoioiedoetnetedfieieieic 
| ran Kan dan han han! 


Sdeda [GS o poetetetasfaotetetel letetetal iatatete 


° ° 
b |» See S SSIS PSS a5[Saetata|acietevesvccotedevetatetepicinicie | inicicie|ieisicie pieieiete [icicicicis ~ 
‘ OO 1 P1001 [NI OO OPIN HROD NO HOANTHIOHDOH/OW MO HYMAN AOlOARMWOOIN EE KNODO MMO YG AMMMOMNARAAHAOOO Jo 
Sli sss sl ssid wiviniai asics lata aicdlsinainian\ldiaanadlindnangldidndiiddddldddddi|iddddiaidddedna = 
° CP) G2 1D wd OO [19 69 DS OOD [HOI 4 GD 00 JE 10 HOD A Jt O 00 00 [O19 1 HOD MAMA Mt /OOMMOlO MNOS 1M WMO WGIMMMNNANINAGHOOS |o 
Bi SSS 5 [55d Ww lw esl dedi Aid A lA Aad A lAidnididniAN AA FHA RI HAHA HARA dA lo 
D> HOD 109. 100 19 69 00 | O HOD HAO 1 WON IN AO ODOR NR DOM BWIGDONAA HH [HOORAADOKN NO /DO MMHG /WMMMAINKHAHHOO 


Declination of a different name from the latitude; upper transit; reduction additive. 


Declination of a different name from the latitude; upper transit; reduction additive. 
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Variation of Altitude in one 


Declination of the same Dame as the latitude; lower transit; reduction subtractive. 


Declination of a different name from the latitude; upper transit; reduction additive. 
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TABLE 29. 


Variation of Altitude in one minute from meridian passage. 


Page 170] 


3 © 
a3 -enneseonneleinazinensis RANRS/RRHRSRARRSSSSASISTISTSSSRS PEUSE SERBS | 
e 


ee ee @ e@ ef ee  e@ @ @ @ fF @ @ ¢ @ # Ff 8 @© 89 @ © F 8 @ 8© 8 © Ff © © 8B ee Be oe Ce oe f ew el lel lll ll lh hl lh lll lel 


60° 
7 
6 
6 
6 
6 
5 
5 
5 
5 
5 
4 
4 
4 
4 
4 
4 
3 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 
1 
1 
1 


base OOOO OR e Re & & 3 


ee ee ee 8 © 


Stet et a ed 


e «© je  e 


rst et eet eet 


ee ee ee i rs a Ss lc, i os Cc es ee ee ee ee Se See ey 


oooco°oo 


estes es 


>. e¢© *®  e& «6 


RHRKROD/OCO MMM MOOT Ww 
ee | Saas oeociocoeoco 


a So SH (00 0 CO OOOO (CO Re me hr & 
Ble dein 


wehbe cheese eae sisi 


Saati 


at ed ed red et 


*- ee e« ese 


wd et ed ed ed 


>. * #8 @ 


ale ton han dune 


>. 8 8 8  «@ 


fe Rae ae oe Rae 


rat et eet et et 


OnNRKREN(OOOO O01 
Saeed 


RIIIIGSS55 


NANNANINA Seid [ie @ }00 00 00 C000 |CO CO RENN 
Scslcecoccicocoecocd 


F 


eet es eet ed 


foe Rane Ran Noe Kae 


rt et md ed 


ee Rae Rae Rae Kan 


ret et ed eed rm 


7-_ 0e© 8 ee  ¢@ 


ri md mt ed 


S Rnd rieiet | | }[Ibleécédé3céiéSSScS 


sinieirieyfiricieie|piebeietn 


S3SSS|5SS555 


ee 8 @ @ @F e8@ ee @ @ @F #@ © @ eo © fF @ © @ @ © Ff @ © ee fF Be ew ew te 


oooo 


* 2 _6© _¢© _@© _e 


ooooceo 


._ @® oe e « 


Sete ed es 


md ed ed et ed 


SI SAAISSS Basan | 
Salad Reis wm mm mt ett ret en rt ed red ed ed rt red pet med ed ved fed ed eed od | 


J 


7 » «© e ef e e« # + ef e® © oe «© ef #@ #8 @ #0 ef 8 #8 © # of 8 e@ e@ @ wf © @ @ @ @f fe 8 ow co fl le lll lhl lhl lw 


3 


Essssssese 


SA RRR RIAA RI RRR RR IRR RR RS RR RN RS IR ee eee ieee SOcoocoicoescoo 
r-) OS O SO & G |S CO COO LR & & DH DO [CO 16 14 [109.10 WS OS St tt HOD O19 OM IO ON NNIN AA rt et i Oe S> a |GO 00 00 CO CO r- ° 
3 A i ee eee ee fee ee Le LL Sacecilococoococo 3 
6 HHDDOIMAMAMDWOWlON NNER (OOH OW 1M OM YM MMAEMM(MMMANINAN OS [ae C> > 00 00 COCO OO Rm |, 
a SANN AN RR RR IR RRR RI IRR RI [RRR IRR RR RS Re eR RIA ies [ied eclocoooceo a 


oo e@ ee 6 @ 


rid ed et 


rat et md et oe 


ee @ e@ @© @ fF 8 @ @  @ © Fe em Be Pe Ce el ll 


ee Kan Kan Kaen Ean) 


atid et emt 


* ee @e@® & 


NN te = 


« e@ @ ee 28 


ett et ed 


= Nai nici ai eiinieied rir 


seb epee wisi 


NAN Se 


Declination of a different name from the latitude; upper transit; reduction additive. 
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Declination of the same name as the latitude; lower transit; reduction subtractive. 
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TABLE 29. 


Variation of Altitude in one minute from meridian passage. 


Declination of a different name from the latitude; upper transit; reduction additive. 
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Declination of the same name as the latitude: Jower transit; reduction subtractive. 
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Arc or Time from Meridian Passage 
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TABLE 30. 


Reduction to be Applied to Altitudes Near the Meridian. 


Are or Time from Meridian Passage. 
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Page 176] TABLE 31. 
Natural Trigonometric Functions. 
0° 1° 
|’ | sin tan sin tan cot | cos | | 
- 00000} . 01745) . 01746) 57. 290] . 99985 
029 029] 3437. 7 774 775| 56. 351 984 
058 058 803 804| 55. 442 984 
087 087; 1145. 9 832 833] 54 561 9&3 
11€ 116} 859. 44 862 862| 53. 709 983 
145 145 5 891 891| 52. 882 982 
175 175 6 920 920) 52. 081 982 
204 204 7 949 949) 51. 303 981 
. 00233) . 00233 8 | .01978) .01978) 50. 549 980 
262 262 9 | .02007/} .02007| 49. 816 980 
291 291! 343. 77| 1.0000 10 036 036} 49. 104] . 99979 
320 320] 312. 52] . 99999 11 065 066) 48. 412 979 
349 349] 286. 48 12 094 095) 47. 740 978 
378 378) 264. 44 13 123 124) 47. 085 977 
407 407) 245. 55 14 152 153] 46. 449 977] : 

436 436 15 18] 182} 45. 829 976 
465 465 16 211 211) 45. 226). 976 
00495) . 00495 17 240) . 02240) 44. 639 975 
524 524 18 269 269] 44. 066 974 
553 653 19 298 298} 43. 508 974 
582 582 . 02327 328] 42. 964) . 99973 
611 611 356 357) 42. 433 972 
640 640 385 386) 41. 916 972 
669 669 414 415) 41. 411 971 
698 698 443 444| 40. 917 970 
- 00727} . 00727 25 472 473) 40. 436 969 
756 756 26 601} . 02502) 39. 965 969 
785 785 27 530 531} 39. 506 968 
814 815 28 560 560| 39. 057 967 
844 844 29 589 589] 38. 618 966 
873 873 . 02618 619] 38. 188] . 99966 
902 902 647 648] 37. 769 965 
931 931 676 677| 37. 358 064 
960 960 705 706| 36. 956 963 
_.00989| . 00989 734 _—*735| 36, 563|_ —_—«963 
- 01018; . 01018 35 763| . 02764) 36. 178 962 
047 047 36 792 793! 35. 801 961 
076 076 37 | . 02821 822| 35. 431 960 
105 105 38 850 851) 35. 070 959 
134 135 39 879 881! 34. 715 959 

164 164 40 908 910} 34. 368) . 99958} 20 

193 193 939] 34 027 9571 19 

222 222 968] 33.694) | 956] 18 

. 01251 251 - 02997) 33. 366 955] 17 

280) . 01280 - 03025; . 03026) 33. 045 9541 16 
309 309 055] 32. 730 953 
338 338 084} 32. 421 952 
367 367 114} $32. 118 952 
396 396 143] 31. 821 951 
425 425 172| 31. 528 950 


Ee | ef ee | eee ft 


454 455| 68. 750) . 99989 


(Jt) 
prams] pmo fumed feed fem peed} fom peed feed teed INQ 


483 484| 67. 402 9 

. 01513) . 01513) 66. 105 - 03257] . 03259} 30. 683 947] 8 
542 542) 64. 858 288] 30. 412 946] 7 
571 571) 63. 657 317| 30. 145 945] 6 
600 600} 62. 499 346] 29. 882 9441 5 
629 629) 61. 383 376] 29. 624 943] 4 
658 658] 60. 306 405| 29. 371 942; 3 
687 687| 59. 266 434] 29. 122 941} 2 
716 716] 58. 261 463] 28 877 940] 1 

60 | . 01745) . 01746) 57. 290 . 03492/ 28. 636) .99939/ Oo 
cos cot tan . cot tan sin u 


89° 88° 


9° 
sin tan cot cos 

- 03490} . 03492) 28. 636) . 99939 
519 §2) . 399 938 
548 550} 28. 166 937 
577 579] 27. 937 936 
606 609 712 935 
635 638 . 490 934 
664 667 . 271 933 
693 696| 27. 057 932 
723| . 03725) 26. 845 931 

. 03752 754 . 637 930 
781 783 . 432} . 99929 
810 812 . 230 927 
839 842] 26. 031 926 
868 871| 25. 835 925 
897 900 . 642 924 
926 929 . 452 923 
955 958 . 264 922 

- 03984) . 03987) 25. 080 921 
- 04013) . 04016] 24. 898 919 
042 046 . 719 918 
071 075) . 542) . 99917 
100 104 . 368 916 
129 133 . 196 915 
159 162| 24. 026 913 

4 188 191] 23. 859 912 
217 220; .695 911 
246} . 04250 . 532 910 

. 04275 279 . 312 909 
304 808 . 214 907 
333 337| 23. 058 906 
362 366] 22. 904) . 99905 
391 395 . 762 904 
420 424 . 602 902 
449 454 . 454 901 
478| . 04483 . 308 900 

. 04507 §12 . 164 898 
536 541] 22. 022 897 
565 570} 21. 881 896 
594 §99| . 743 894 
623 628 . 606 893 
653 658 . 470} . 99892 
682 687 . 837 890 

. 04711) . 04716 . 205 889 
740 745| 21.075 888 
769 774) 20. 946 886 
798 803 . 819 885 
827 833 . 693 883 
856 862 . 569 882 
885 891 . 446 881 
914 920 . 325 879 
943 949 . 206} . 99878 

- 04972) . 04978) 20. 087 876 
- 05001; . 05007} 19. 970 875 
030 037 . 855 873 
059 066 . 740 872 
088 095 . 627 870 
117 124, .516 869 
146 153 - 405 867 
175 182 . 296 866 
205 212 . 188 864 

. 05234) . 05241! 19.081) . 99863 

cos cot tan sin 
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TABLE 31. 
Natural Trigonometric Functions. 
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3° 
sin tan co cos | 
- 05234) . 05241) 19.081] . 99863] 60 
263 270} 18. 976 861) 59 
292 299) .871 860) 58 
321 328! . 768 858] 57 
350 357; . 666 857] 56 
379 387; . 564 855) 55 
408 416) .464 854] 54 
437 445, .366 852] 53 
466 474, .268 851] 52 
. 05495] . 05503} .171 849] 51 
524 533] 18.075) . 99847} 50 
553 562) 17. 980 846] 49 
582 591; =. 886 844} 48 
611 620} . 793 842] 47 
640 649} .702 841} 46 
669 678; .611 839] 45 
698; ~— 708) .521 838] 44 
05727 737, =. 431 836} 43 
756} . 05766} . 343 834} 42 
785 795] . 256 833] 41 
814 824) . 169] . 99831) 40 
844 854) 17. 084 829] 39 
873 883] 16. 999 827] 38 
902 912) .915 826] 37 
931} 941] . 832] 824] 36 
960 970; .750 822 
- 05989; .05999}' . 668 821 
- 06018} .06029} . 587 819 
047 058) 16. 507 817 
076 087|  . 428 815 
105 116} . 350) . 99813] 30 
134 145}. 272 812] 29 
163 175} =. 195 810} 28 
192 204, .119 808] 27 
221] __-:233| 16.043, 806] 26 
. 06250 262} 16. 969 804 
279) . 06291 . 895 803 
308 321} . 821 801 
337 350] . 748 799 
366 379} .676 797 
395 408] .605] . 99795] 20 
424 438) . 793] 19 
453 467| 15. 464 792] 18 
. 06482 496} .394 790} 17 
511] .06525} =. 325 7881 16 
540 554) =. 257 786 
569 584; .189 784 
598 613) .122 782 
627 642] 15. 056 780 
656 671} 14. 990 778 
685 700} =. 924) . 99776] 10 
. 06714 730} =. 860 774] 9 
743] . 06759) . 795 772| 8 
773 788] =. 732 770} 7 
802 817) _. 669 768} 6 
831 847, . 606 766 
860 876} .544 764 
889 905; . 482 762 
918 934; . 421 760 
947 963) .361 758 
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cos cot 


tan sin 
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cos 


687 720| . 468 
60 | .08716] . 08749] 11. 430] . 99619 


cot tan 


85° 


cos 


~, 99756 


754 
752 
750 
748 
746 
744 
742 
740 
738 


. 99736 


716 
-. 99714 
712 
710 
708 
70 


703 


- 99692 
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+ 99644 


4° 
sin tan cot 

- 06976; . 06993] 14. 301 

- 07005) . 07022 . 241 

. 034 051 . 182 

063 080; .124 

092 110 . 065 

5 121 139] 14. 008 

6 150 168} 13. 951 

7 179 197 . 894 

8 208 227 . 838 

9 237] . 07256 - 782 

. 07266 285 ~ 727 

295 314 . 672 

324 344 . 617 

353 373 . 5€3 

382 402} 13. 510 

411 431 . 457 

440 461 . 404 

469 490 . 352 

. 07498) . 07519 . 300 

527 548 . 248 

556 578 . 197 

585 607 . 146 

614 636 . 096 

643 665} 13. 046 

672 695] 12. 996 

701 724 . 947 

- 07730) . 07758 - 898 

759 782 ‘ 

788 812 . 801 

817 841 . 754 

846 870 . 206 

31 875 899 . 659 

32 904 929} 12 612 

33 933 958 - 566 
34 | _962| .07987|__. 520|__ 683} 

35 | .07991| . 08017 . 474 

36]. 046 . 429 

37 049 075 . 384 

38 078 104) 12 339 

39 107 134 . 295 

40 136 163 - 251 

41 165 192 . 207 

42 194 221 - 163 

223} . 08251 . 120 

44 _- 08252 280 . 077 

45 ~ 281 309} 12.035 

46 310 339] 11. 992 

47 339 368 . 950 

48 368 397 . 909 

49 397 427) _. 867 

50 426 456|  . 826 

61 455 485 785 

52 | . 08484! . 08514 - 745 

53 513 544 . 705 

54 542 573] 11. 664 

55] +#571| 602 . 625 

56 600 632 , 585 

57 629 661 . 546 

58 658 690 - 507 


622 


sin 
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9 
8 
r | 
6 
5 
4 
3 
2 
1 
0 
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Natural Trigonometric Functions. 
6° . 7° 


sin tan cot cos | | |’ | osin tan cot 
eas - 10510] 9. 5144) . 99452) 60 


s3| | 


eee 
0 0 
1 482 540} . 4878 449} 59 1 216 308} . 1248 
2 611 569) . 4614 446) 58 2 245 338} . 1054 
3 540 599) . 4352 443) 57 3 274 367; . 0860 
4 569 628! . 4090) ~- 440) 56 4 302 397| . 0667 
5 597 657) . 3831 437| 55 5 331 426| .0476 
6 626 687) . 3572 434] 54 6 360 456) .0285 
7 655 716) +. 3315 431} 53 7 389 485) 8.0095 
8 684; . 10746; . 3060 428] 52 8 418] . 12515] 7. 9906 
9 | . 10713 775) =. 2806 424) 51 9 | . 12447 544) . 9718 
10 742 805} 9. 2553} . 99421) 50 10 476 574) . 9530] . 99219 
1] 771 834) . 2302 418] 49 11 504 603) . 9344 
12 800 863) . 2052 415} 48 12 533 633) . 9158 
13 829 893) . 1803 412] 47 13 562 662; . 8973 
14 858 922) . 1555 409] 46 14 591 692} . 8789 


15 | 887; _ _952| . 1309] 406 
a 16 | 916] .10981| .1065| 402 
ff 17 | 945] .11011| 0821] 399 
‘ 18 | .10973|  040/ .0579] 396 
‘ 19 | .11002| _070|_ 0338} _—_—398 


031 099] 9. 0098] . 99390 
060 128! 8. 9860 386 
089 158) . 9623 383 
118 187| . 9387 380 


as 147|—-217|_-. 9152] 377 24 880] . 12988] . 6996 

ar 176| . 11246) .8919| 374 25 908]. 13017| 7. 6821 

a 205| 276] .8686| 370 26 937, 047] . 6647 

<u 2341 805} .8455| 367 27 966, 076] . 6473 

ye) . 11263} 335) .8225| 364 28 | 12095} 106) . 6301 

{ 291] _-364/_~. 7996] —-360 29 | .13024| 136]. 6129 

a 320| 394]. 7769) . 99357] 30 30 053; ——«1€5|-. 5958) . 99144 

Ee 349| 423) 8 7542) 354 31 081| 195) .5787 

a 378| 452} .7317| 351 32 110} 224] . 5618 

407| . 11482] .7093] 347 33 139] . 18254] . 5449 

HA 436| 511] +. 6870} 344 34 284| 7. 5281 

“2 465, 541]. 6648, —S 3.41 35 | 197) = 313). 6113) «125 
494, 570| .6427| 337 36 |. 13226] 343] . 4947 


brad a 


552| 629] .5989} 331 
580|  659| .5772| 327 


609 688] . 5555] . 99324 


“ASB 


39 312 432) . 4451 


oe | ee | ce 


40 341 461| . 4287] . 99106 


ae 


4 638] . 11718] 8 5340 320] 19 41 370] .18491| . 4124 
3 667 747| .5126 317] 18 42 399 521! . 3962 
x 696 777| . 4913 314] 17 43 427 550} 7. 3800 
"| 725 806] . 4701 310] 16 44 1. 13456 580). 3639 
e -11754| 836) .4490| 307] 15 45 485} 6091 . 3479 
783 865) . 4280 303] 14 46 514 639! . 3319 
: 812 R95] . 4071 300! 13 47 543 669! . 3160 
i 840 924] .3863 297] 12 48 572 698] . 3002 
| 869 954| . 3656 293] 11 49 600! . 18728] . 2844 
; 898| .11983| . 3450] . 99290] 10 50 | 629) 758| . 2687] . 99067 
927| . 12013] & 3245 286] 9 51 658 787| 7. 2531 
: 956 042| . 3041 283] 8 52 |.13687| . 817] . 2375 
. 11985 072] . 2838 279| 7 5 716 846] . 2220 
- 12014 101| . 2636 276| 6 54 744 876} . 2066 
| 65 | 043) 131) .2434| 2727 65 55 773 906) . 1912 
| 071 160| . 2234 269] 4 56 802 935| .1759 
100 190) . 2035 265| 4% 57 831 965} . 1607 
129 219} . 1837 262| 2 58 860) .13995| . 1455 
158 2491 . 1640 258] 1 59 889] . 14024) . 1304 
. 12187] . 12278) 8. 1443] .99255] oO 60 | .13917| .14054| 7.1154| . 99027 
OE EB ee a) 2 feel’ 


cos cot tan sin 


83° 82° 


g° 
tan cot cos 
- 14054/| 7. 1154) . 9902 
084; .1004' 02 
113} .0855 o1¢ 
143/ . 0706 015 
173} .0558 011 
202| .0410 006 
232) . 0264) . 99002 
262) 7.0117] . 98998 
6. 9972 994 
321) . 9827 990 
351] . 9682 986 
881} . 9538 982 
410; . 9395 978 
440} .9252 973 
470) .9110 969 
499) . 8969 965 


. 14529] . 8828] 961 
559| 6. 8687| . 98957 

588| .8548| 953 

618| .8408| 948 

~ 14493/—__ 648). 8269|__944 
678| .8131| 940 

707| .7994| 936 

737| .7856| 931 
.14767| _.7720| 927 
796| 6. 7584] . 08923 

826] .7448] 919 

856] .7313] 914 

886] .7179| 910 
915|_.7045| _—_-906 
945| . 6912! 902 
810| .14975| .6779} 897 
15005] .6646| 893 


034; . 6514 889 
064] 6. 6383] . 98884 
094) . 6252 880 
124) . 6122 876 
153} . 5992 871 
183} . 5863 867 
213) . 5734 863 
243; . 5606 858 

~ 15272} . 5478 854 
302]; . 5350 849 
332} 6. 5223] . 98845 
362| . 5097 841 


em ef rr] er ee | er 


391; . 4971 836 
421; . 4846 832 
451] . 4721 827 
481} . 4596 823 
511}. 4472 818 


- 15540] . 4348 814 
570} . 4225 809 
600} 6. 4103} . 98805 
630} . 3980 800 
660} . 3859 796 
689| . 3737 791 
719] . 3617 787 
749} . 3496 782 
779| . 3376 778 
809] . 3257 773 

- 15838] 6. 3138] . 98769 

cot tan sin 
g1° 
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TOR pw orl M70 © 


. 9° 
tan cot cos 
- 15838| 6.3138) . 98769 
868} . 3019 764 
898} . 2901 760 
928; . 2783 755 
958] . 2666 751 
- 15988} . 2549 746 
15816} .16017| . 2432 741 
047| . 2316 737 
077| . 2200 732 
107} 6. 2085 728 
137) . 1970} . 98723 
167| . 1856 71 
196] . 1742 714 
226; . 1628 709 
B| . 16256) . 1515 704 
286, . 1402 700 
316} . 1290 695 
346; .1178 690 
376) 6. 1066 686 
. 0955 681 
435) . 0844! . 98676 
465| . 0734 671 
- 16495| . 0624 667 
525} .0514 662 
555} . 0405 657 
585; . 0296 652 
615| .0188 648 
645; 6. 0080 643 
674! 5. 9972 638 
704) . 9865 633 
. 16734) . 9758] . 98629 
764) . 9651 624 
794; . 9545 619 
824| . 9439 614 
854| . 9333 609 
884] . 9228 604 
914] 5. 9124 600 
944; .9019 595 
- 16974) . 8915 590 
- 17004) . 8811 585 
033} . 8708] . 98580 
063) . 8605 575 
093} . 8502 570 
123] . 8400 565 
153] 5. 8298 561 
183} . 8197 556 
17213| . 8095 §51 
243) . 7994 546 
273| . 7894 §41 
303) . 7794 - §36 
333) . 7694} . 98531 
363} . 7594 526 
393] 5. 7495 §21 
. 17423] . 7396 516 
4531 . 7297 511 
483} . 7199 506 
513) . 7101 501 
543) . 7004 496 
573] . 6906 491 
603] . 6809 486 
- 17633) 5.6713} . 98481 
cot tan sin 


80° 


or 


ie) 
soyPppyelespys eeges sages aanslesss gingers ssess 


rae jun a 
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Natural Trigonometric Functions. 


12° 
sin tan cot 
20791) . 21256) 4. 7046) . 97815 
820 286) 4. 6979 
848 316 912 
877 347 845 
905 377 779 
933 408 712 
962 438 646 
. 20990 469 580 
- 21019} . 21499) 4 6514 
“047 529 448 
076 560 382| . 97754 
104 590 317 
132 621 252 
161 651 187 
189 682 122 
218 712| 4. 6057 
. 21246| . 21743) 4.6993 
275 773 928 
303 804 864 
331 834 800 
360 864 736| . 97692 
388 895 673 
417 925 609 
445 956] 4 5546 
474) . 21986 483 
. 21502) . 22017 420 
530 047 357 
559 078 294 
587 108 232 
616 139 169 
644 169 107| . 97630 
672 2)0| 4. 5045 
701 231| 4. 4983 
729| . 22261 922 
. 21758 292 860 
786 322 799 
814 353 737 
843 383 676 
871 414 615 
899 444 §55 
928 475| 4. 4494] . 97566 
956] . 22505 434 
- 21985 536 373 
- 22013 567 313 
041 597 253 I 
070 628 194 
098 658 134 
126 689 075 
155 719) 4.4015 
__188 . 22750} 4. _4. 3956 
212 7811 +~-897] . 97502 
240 811 838 
. 22268 842 779 
297 872 721 
325 903 662 
353 934 604 
382 964 546 
410) . 22995 488 
438] . 23026 430 
467 056 372 
. 22495 - 23087 4. 3315 - 97437 
cos cot tan 
17° 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


~ cot 


76° 


cos 


tan 


13° 
sin tan cot cos | | 
. 22495] . 23087| 4.3315) . 97437] 60 
523 117 257 430] 59 
552 148 200 424 
580 179 143 417 
60s|___200|__086|__ 41 
637 240| 4. 3029 404 
665 271) 4. 2972 398 
693) 2330: 916 391 
22722 332 859 384 
750| _—_-363|_~—=803| ~~ 378 
778 393 747! . 97371 
807 424 691 365 
835 455 635 358 
863 485 580 351 
g92| 516] 4.2524) —-345 
920) . 23547 468 338 
948 578 413 331 
- 22977 608 358 325 
. 28005 639 303 318 
033| 670] _—«-248| ~~ 41 
062 700 193] . 97304] 40 
090 731 139 298) 39 
118] . 23762 084 291) 38 
146 793| 4. 2030 284] 37 
175 823] 4. 1976 2781 36 
203 854 922 271 
231 885 868 264 
23260 916 814 257 
288 946 760 251 
316] . 23977 706 244 
345| . 24008 653] . 97237] 30 
373 039 600 230} 29 
401 069 547 223] 28 
429 100} 4 1493 217} 27 
458| _131| 441] 210] 26 
. 23486 162 388 203 
514 193 335 196 
542 223 282 189 
571) . 24254 230 182 
599] 285] _—«i178| ~—=—«176 
627 316 126| . 97169] 20 
656 347 074 162] 19 
684 377| 4. 1022 155) 18 
712 408] 4. 0970 148, 17 
. 23740 439 918 141] 16 
769} . 24470 867 134 
197 501 815 127 
825 532 764 120 
853 562 713 113 
882| _593|_ —«662|_——s106 
910 624 611} . 97100} 10 
938 655 560 093; 9 
966] . 24686] 4. 0509 osé; 8 
- 23995 717 459 0791 7 
.24023| 747| 408) ~—072|_-«6 
051 778 358 065] 5 
079 809 308 O58] 4 
108 840 257 051) 3 
136 871 207 044) 2 
164 902 158 037] 1 
- 24192 _- 24933 4, _4. 0108 - 97030} 0 


sin 


ae 


=| 
==:| 


Sele 


ae, aas\ oo. act 


2a rr 
a et ae 


a8 


7 Th ER 


~@& 
Soe ar 
=| oes re 


mate 


14° 


sin tan cot cos 
« 24192) . 24933) 4.0108] . 97030 
220 964 058 023 
249| . 24905); 4.0009 015 
277| . 26026] 3.9959 008 
305 056 910 _. 97001 
933 087 861| . 96994 
362 118 812 087 
390 149 763 980 
418 180 714 973 
. 24446 211 665 966 


474, 24 617; 959 


559 335 471) . 96937 


644 428 327 916 


25010] __—-831|_—_—714| . 96822 
038} 862| 3 8667| 815 
066| 893] 621] 807 
094, 924!  575/ 800 


122 955 528 793]° 


151) . 26986 482 786 


179) . 26017 436 778 


207} 048) 391] 771 
. 25235] 079] 3. 8345] . 96764 
263} 110; 299] 756 
291] 141] ~—-254] 749 
820| 172 208) ~+~742 
348} 203] 163| 734 
376] 235 118] 727 
404] .26266|  073| 719 
25432] __-297/ 3.8028) —712 
460| 328] 8.7983] . 96705 
488| 3591 938] 697 
516]  390| 893] 690 
645] 421]; 8431 682 
573| 452) —-804|_~—«675 
601; 483/ 760/667 
629} 515, 715] —-660 
. 25657] . 26546| 3. 7671| 653 
685]  577|  627| . 96645 
713| 608, _—~583|__—«638 
741[  639/ 539| 630 
769,  670| 495, 623 
798} 701} 451) 615 
826, 733] 408] 608 
364 


854 764 600 
- 25882) . 26795) 3.7321) .96593 
cos cot tan sin 


75° 
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15° 
sin | tan | _ cot 

- 25882) . 26795) 3.7321) . 96593 
910 277 
938 234 
966 191 

- 25994 148 

- 26022 105 
050 062 
079) . 27013) 3. 7019 
107 3. 6976 
135 ___ 933 
163 891 
191 848 
219 806 

26247 764 

275 722 
303] . 27263 6 
331 294] 3. 6638 
359 596 
387 554 
415 38, «512 
443 470) . 

. 26471 429 
500} . 387 
528 346 


172| . 28234 238 
200 230 
228 222 
256 214 
27284 . 96206 
312 198 
340 190 


452 158 


aS 

nw 

> 

i" 

i> >) 

[=>] 
es past | poms ped fe ped 
@ — bo 6 mm OU DH 9 © | — by OO 
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15 


19 


46 


SSEUSAeASagsss 


Bin 
- 30902 


- 32492) 3.0777) . 9510€ 


309 

337 173 
364 205 
392| . 34238 
419 270 
447 303 
474 335 
502 368 
529 400 

cos cot 
71° 
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@ = & GO & 61 G97 00 © 


BRE 
“10 tO 


[Page 185 


19° 


sin | tan cot cos 
Peres ¢ $4433] 2.9042) .94552) 60 


465} 2.9015 542) 59 
498} 2. 8987 533] 58 
530 960 523] 57 
563 933 514] 56 


598 905 504] 55 


6931 824] 4761 52 


804) . 34726 797 466] 51 


694 

722 

749 

- 82777 

10 832 

11 859 

12 887 

13 914 

14 942 
15 


16 

17 

18 

19 

20 

21 

22 

23 

24}. 

25 

26 

27 

28 1 

29 379) 2 8265 

30 381 412 239) . 

31 | . 83408) . 35445 213 

32 436 477 187 

33 463 510 161 

34 490 543 135 

35 518 576 109 

36 545 608 083 

37 573 641 057 

38 | . 33600 674 032 

39 627| . 35707| 2. 8006 

40 655 40| 2. 7980 

41 682 772 955 

42 710 805 929 

43 787 838 903 

44 764 871 878 

45 | . 83792 904 852 

46 819 937} 2 7827 

47 846; . 35969 801 

48 874| . 86002 776 
901 035 751 
929 068 725 


Oro vb 
epee © 
© 
or 
oO 


101 700 9 

- $3983 134 675 8 

53 | . 34011 167| 2. 7650 7 
54 038] . 36199 625 6 
55 065 232 600 5 
56 093 265 575 4 
57 120 298 3 
58 147 331) © 525 2 
59 175 364 | 
0 


cot tan 


758 770} . 9445 
791] 2. 8743 44 
824 716 438 
856 689 428 
889 662 418 


922 


70° 


Page 186] TABLE 31. 
Natural Trigonometric Functions. 


20° 21° 


is sin tan cot {cos tan cot cos 

0 | . 34202) .36397| 2. 7475) . 93969] 60 - 35837| . 38386] 2.6051) . 93358 
1 229 430 450 95% 59 420 028 348 
2 257 463 425 949 58 453] 2. 6006 33 
3 284 496 400 939 57 487! 2. 5983 $27 
4 311 529 376 929] 56 520 961 316 
5 339 562 351 919) 55 553 938 306 
6 366 595 326 909] 54 587 916 295 
7 1. 34393 628 302 899] 53 620 893 285 
8 421 661 277 8891 52 654 871| . 93274 
9 448 . 36694) 2.7253) 879 51 38687 848 2 

10 475 727 228] . 93869) 50 721 826 25 
11 503 760} 204 8541 49 754) 2. 5804 243 


12 530| 7931 1791 8491 48 
13 557, 826} 355} 839 47 
14 ].34584| 859] —«:130| = 820) 46 
15 | 612} 892 106/819) 45 
16 639] 925 082] 809 44 
17 666] 958] 058] 799 43 
18 694| .36991| 034] 789 42 
19 721| .87024| 2.7009] 779 41 
20 748| 057] 2.6985] . 93769 40 
21 |.34775| O90] 961) 759 39 
22 803} 123}  937| 7481 38 
23 830  157| 913| 738] 37 
24 857/190] _—-889|_~—s 7281 36 
25 884| 223) 865| 718 35 
26 { 912) .37256} 841) 708] 34 542| .39257| 473 
27| 939] 289} 818] 698] 33 
28 966, 3221 26794] 688) 32 
29 | .34993| 355] —770|_—=—«677| 311 
30 


ee | eee | ee ee | eee 


955| . 671} 180 
. 38988] 2.5649, 169 
2] .39022} 627| ~—«i159 


055 605 148 


190 517 106 


| - 35021 388 746] . 93667} 30 

1 048 422 723 657] 29 
32 075 455 699 647] 28 
33 102} . 37488 675 637] 27 


34 130 521 652 626] 26 526 300} . 92909 
35 157 554]. +628 616) 25 559 279 988 
36 184 588] 2. 6605 B06] 24 593 257 978 
37 | . 35211 621 581 5961 23 626 236 96 
38 239 654 558 5851 22 660 214 956 
39 266 687 534 575] 21 694 193 945 
40 293] . 37720 511] . 93565] 20 . 39727| 2. 5172 935 
41 320 754 488 555) 19 761 150 924 


42 347 787 464 544] 18 
43 375 820 441 534] 17 
44 1 . 35402 853] 2. 6418 524] 16 


45 429 887 395 514) 15 
46 456 920 371 50 
47 484 953 348 49 
48 511] . 37986 325 483 


930 044 870 
963 023 859 


49 538| .38029] _—302|_——472 164] .40031| 2.4981] 838 
50 565| 053] 279) . 93462 065 960/82 
51 | .35592| 086, 256] 45 098} 939] sie 
52 619} 120} 26233] 441 132} 918] . 9280 
53 647, 153) 210; 431 166} 897] 79 
54 674| 186] —«187| 420 200|___876| _—_—*784 
55 701; +220) +165; 410 ~ 234| 2 4855| 773 
56 728} 253) 142| 400 267,| 834) 762 


59 810| 3531 074 68 
60 | . 35837| . 38386) 2.6051] . 93358 _. 37461 _2. 4751|_. 92718 


cos cot tan sin cot tan | sin 


69° 68° 


434 369 772 726 
- 37461; . 40403) 2.4751] .92718 


Pel pout} tad fd feed pee 
orwenclar00S rt BD GO He 
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22° 23° 
sin tan | cot cos d sin tan cot cos 
- 37461) . 40403] 2.4751) . 92718 0 | . 39073) .42447) 2. 3559) . 92050 
488 436 730 707 1 100 482 539 039] 5 
515 470 709} - 697 2 127 516 520 028 
542 504 689 686 3 153 651 501 016 
569 538), 668 675 4 180 585 483) . 92005 
595 672 648 664 5 207 619 464] . 91994 
622 606 627 653 6 234 654 445 982 
649 640 606 642 7 260 688] 2. 3426 971 
676 674 586 631 8 287| . 42722 407 959 
703] . 40707| 2. 4566 620 9 | . 39314 757 388 948 
37730 741 545] . 92609 10 341 791 369 936 
757 775 525 598 11 367 826 351 925 
73 809 504 587 12 394 860 332 914 
811] 843 484 576 13 421 894 313) . 91902 
838 877 464 565 14 448 929] 2. 3294 891 
865 911 443 554 15 474 963 276 879 
892 945 423 543 16 501] . 42998 257 868 
919] . 40979 403 532 17 §28] . 43032 238 856 
94€] . 41013] 2. 4383 §21 18 | . 39555 067 220 845 
973 047 362 510 19 581 101 201 833 
. 37999 081 342| . 92499 20 608 136 183 822 
- 38026 115 322 488 21 635 170} 2. 3164) . 91810 
053 149 302 477 22 661 205 14 799 
080 183 282 466 23 688 239 127 787 
107 217 262 455 24 715 274 109 775 
134} . 41251 242 444 25 741 308 090 764 
161 285 222 432 26 | . 39768] . 43343 072 752 
188 319] 2. 4202 421 27 795 378 053 741 
215 353 182 410 28 822 412 035 729 
241 387 162 399 29 848 447| 2.3017| . 91718 
38268 421 142] . 92388 30 875 481] 2. 2998 706 
295 455 122 377 31 902 516 980 694 
822] . 41490 102 366 32 928 650 962 683 
349 524 083 355 33 955 585 944 671 
376 558 063; 343 34 | . 39982 620 925 660 
403 592 043 332 35 | . 40008] . 43654 907 648 
430 626 023 321] 24 36 035 689 889 636 
456 660} 2. 4004 310} 23 37 062 724) 2. 2871) . 91625 
483 694] 2. 3984 299] 22 38 088 758 853 613 
. 38510) . 41728 964 287} 21 39 115 793 835 601 
537 763 945] . 92276) 20 40 141 828 817 590 
564 797 925 265} 19 41 168 862 799 578} 19 
591 831 906 254! 18 42 195 897 781 566} 18 
617 865 886 243] 17 43 | . 40221 932 763 555] 17 
644 899 867 231} 16 44 248) . 43966 745 543} 16 
671 933] 2. 3847 220] 15 45 275| 44001] 2. 2727) . 91531 
698) . 41968 828 209} 14 46 301 036 709 519 
725] . 42002 808 198} 13 47 328 071 691 508 
. 88752 036 789 186; 12 48 355 105 673 496 
W8 070 770 175} 11 49 381 140 654 484 
805 105 750} . 92164] 10 50 408 175 637 472] 10 
832 139 731 152] 9 51 | . 40434 210 620 461} 9 
859 173} 2. 3712 141] 8 52 461| . 44244! 2, 2602) .91449) 8 
88Eé 207 693 130} 7 53 488 279 584 437| 7 
912) . 42242 673 119] 6 54 514 314 566 425] 6 
939 276 654 107] 5 55 541 349 549 414] 5 
966 310 635 O96] 4 56 567 384 631 402} 4 
- 38993 345 616 O85] 3 57 594 418 613 390} 3 
- 39020 379 597 073; 2 58 621 453 496 378] 2 
046 413 578 062} 1 59 647 488 478 366] 1 
- 39073] . 42447) 2.3559] .92050| 0 60 | . 40674) . 44523) 2.2460) .91355] 0 
cos cot tan sin ij cos cot tan sin ? 
67° 66° 
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24° 
tan cot 

- 44523) 2. 2460 0 
558 443 1 
593 425 2 
627 408 3 
662 390 4 
697 373 5 
732 355 6 
860] . 44767 338) . 91272 7 
802 320 8 
837| 2. 2303 9 

872 286 

907 268 

942 251 


082 182 
117| 2, 2165 
152 148 
187 130 
222 113 

45257 096 
292 079) . 91092 
327 062 
362 045 
397 028 
432] 2. 2011 
467] 2. 1994 

416] . 45502 977 . 

538 960 - 43025] . 47662 
573 943 
608 926 
643 909 
678 892 


36 
35 
34 
33 
32 
31 
30 
246] 29 
28 
27 
26 
854 808 
889 792 
924 775 20 
960 758 19 
- 45995 742 18 
- 46030] 2. 1725 17 
065 708 16 
101 692 15 
136 675; . 90802 14 
171 659 13 
206 642 12 
242 625 11 
277 609 10 
312 592 9 
. 46348) 2. 1576 8 
383 560} . 90717 7 
418 543 6 
454 527 
489 510 
§25 494 
560 478 
595 461 
- 42262) . 46631) 2. 1445 
; 


ry | 


sin 
01] . 43837 
1 863 
2 889 
3 916 
4 942 
5 068 
6 | . 43994 
7 | - 44020 
8 046 
9 072 
098 
124 
151 
177 
__203}__—278 
15 | . 44229) . 49315 
16 255 
17 281 
18 307 
19 333 
359 
385 
. 44411 
437 604 
464| . 49640} 2. 0145 
25 490 
26 516 
27 542 
28 568 
29 44594 
30 620 
3l 646 
382 672 
33 698 
34 724] . 
35 750 
36 44776 
37 802 
38 828 
39 854 
40 880 
41 906 
42 932 
43 958] . 50331] 1. 9868 
44 1 . 44984 
45 | . 45010 
46 036 
47 062 
48 088 
49 114 
50 140 
61 166 
52 45192 
53 218 
54 243 
55 269 
56 295 
57 321 
58 347 
59 373 
60 | . 45399 
|__| cos 


§41524°—43——- 38 
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27° 


tan cot cos 


0 - 50953] 1.9626} . 89101) 60 
1 - 50989 612 087) 59 
2 - §1026 598 074) 58 
3 063 584 061) 57 
4 099 570 048} 56 
5 136 556 035] 55 
6 173 §42 021) 54 
7 209 528] . 89008] 53 
8 246] 1. 9514) . 88995} 52 
9 283 500 981] 51 
319 486 968] &0 
684} . 51356 472 9551 49 
393 458 942) 48 
430 444 928! 47 
467 430 915) 46 
503} 1. 9416 902} 45 
540 402] . 88888] 44 
577 388 8751 43 
614 375 862} 42 
651 361 848] 41 
917) . 51688 347 835) 40 
124 333 822] 39 
761| 1. 9319 808] 38 
798 306 795] 37 
835 292] . 88782] 36 
872 278 7681 35 
909 265 7551 34 
946 251 7411 33 
123] . 51983 237 728 
e §2020) 1. 9223 71 
057 210 701 
094 196] . 88688 
131 183 674 
168 169 661 
205 155 647 
242 142 634 
279 128 620 
316) 1.9115 60 
. 62353 101} . 88593 
390 088 580 
427 074 5661 
464 061 553 
501 047 539 
538 034 526 
575 020 51 
613] 1.9007] . 88499 
650] 1. 8993 485 
613] . 52687 980 472 
124 067 458 
761 953 445 
798 940 431 
836 927 4171 9 
873 913 404] 8 
910} 1. 8900} . 88390] 7 
947 887 377| 6 
819] . 52985 873 363} 5 
- 53022} . 860 349] 4 
059 847 336] 3 
096 834 322] 2 
134 820 308] 1 
- 46947} .53171| 1. 8807} . 88295) 0 
cot tan sin 
62° 


TABLE 31. 


Natural Trigonometric Functions. 


28° ° 29° 
|’ | sin | tan _| cot | cos | _ _ sin |_tan_| cot | cos _ 
0 | . 46947] .53171| 1. 8807| . 88295] 60 .48481| . 55431! 1.8040} . 87462] 60 
1 97 208 794 281) 59 506 469 028 448] 59 
2 | . 46999 246 731 267] 58 532 507 016 434) 58 
3 | .47024 283 768 254| 57 557 545| 1. 8003 420} 57 
4 050 320 755 240| 56 583 583] 1.7991 406] 56 
56 | ov6| 358: 741| 226) 55 608 621; «979 391] 55 
6 101 395 728 213] 54 634 659 966 377] 54 
7 127| . 53432 715| . 88199] 53 659| . 55697 954 363] 53 
8 153 470 702 185] 52 684 736 942| . 87349} 52 
9 178 507 689 172] 51 710 774 930 335] 51 
47204, 545] 1. 8676) 158] 50° 48735 812). 917) £321' 50 
229 582 663 144] 49 761 850 905 306] 49 
255 620 650 130] 48 786 888] 1. 7893 2921 48 
281 657 637 117| 47 811 926 881 278) 47 
306 694 624| . 88103] 46 837| . 55964 868 264) 46 
332| .53732| 611] O89} 45 862| .56003| 856 250] 45 
358 769 598 075] 44 888 041 844| . 87235] 44 
383 807 585 062] 43 913 079 832 221) 43 
47409 844 572 048] 42 938 117 820 207] 42 
434 882 559 034] 41 964 156 808 193] 41 
460| 920] 1.8546} 020) 40 . 48989 194| 1. 7796 178] 40 
486 957 533] . 88006} 39 - 49014 232 783 164] 39 
Blil . 53995 520] . 87993] 38 040 270 771 150] 38 
537| . 54032 507 979] 37 065] . 56309 759 136] 37 
4 562 070 495 965| 36 090 347 747| . 871211 36 
588 107| 482) 951) 35 116) 385 735 107 
47614 145 469 937| 34 141 424 723 093 
639 183 456 923| 33 166 462 711 079 
665 220 443 909] 32 28 | . 49192 501| 1. 7699 064 
690 258 430 896] 31 29° 217 539 687 050 
716 296| 1. 8418] . 87882] 30° 30 | 242] .56577| + 675) + +036| 30 
741| . 54333 405 868] 29 31 268 616 663 021} 29 
767 371 392 854] 28 32 293 654 651| . 87007] 28 
793 409 379 840] 27 33 318 693 639] . 86993] 27 
47818 446 367 826] 26 34 344 731 627 978] 26 
844 484 354, 812) 25 385 [| 3869] £769) #615 964 
869 522 341 798] 24 36 | . 49394 808] 1. 7603 949 
895 560 329] . 87784] 23 37 419 846 591 935 
920 597 316 770) 22 38 445 885 579 921 
946 635 303 756 21_ 39° 470 923 567 906 
971| . 54673] 1. 8291 743] 20 40 | 495! .56962| 556). 892] 20 
. 47997 711 278 729] 19 41 521| . 57000 544 8781 19 
- 48022 748 265 715] 18 42 546 039 532] . 86863] 18 
048 786 253 701] 17 43 571 078 520 849] 17 
073 824 240 687] 16 44 | . 49596 116| 1. 7508 834] 16 
099 862 228] . 87673] 15 45 622 155 496 820 
124 900 215 659] 14 46 647 193 485 805 
150 938 292 645] 13 47 672 232 473 791 
175| . 54975 190 631) 12 48 697 271 461 777 
201| . 55013 177 617] 11 . 49 723 309 449 762 
226 051} 1.8165| 603) 10 50 748| .57348] 437 748/ 10 
48252 089 152 589] 9 51 773 386 426| . 86733] 9 
277 127 140| . 87575] 8 52 | . 49798 425] 1. 7414 719] 8 
303 165 127 561] 7 53 824 464 402 704] 7 
328 203 115] 546] 6 54 849 503 391 690] 6 
— 354) 241! 103 532| 5 55 | + 874 5411 379] #675] + =5 
379 279 090 518! 4 56 899 580 367 66)] 4 
405 317 078 504] 3 57 924 619 355 646] 3 
430 355 065 490} 2 58 950 657 344 632] 2 
456 393 053 476, 1 59 | . 49975 696 332 617] 1 
_. 48481} .55431| 1. 8040) . 87462) 0 60 | . 50000] .57735| 1.7321] . 86603] 0 
cos cot tan sin d cos cot | tan gin 7 
61° 60° 


TABLE 31. 
Natural Trigonometrio Functions. 


30° 31° 
_ sin |_ tan cot cos 

60000! .57735| 1.7321] .86603 
025 774 309 588 
050 813 297 573 
076 851 286 559 
101 890 274 544 
126 929} | 262 530 
151| . 57968 251 §15 
176| . 58007 239 501 
201 046 228) . 86486 
227 085] 1. 7216 47) 


eee ee | ee 


10 | .50252 124) 205/457 
11 277, 162) 193] 442 
12} 302) 201) 182) 427 
13} 327; 240; 170; 413 
14} 352} —279| ~—«159] 398 
15 | 377|.58318| 147| +384 
16 | 403) 357| 136] . 86369 
17 428} 396} 124) 354 
435| 1.7113] 340 
19 | 478} «474; ~— 102] 325 


Pm cet re | cme c  ee e 


~ 


ain tan cot cos 


629] 126) 632} 702 
554, 165] 621] 687 
579| 205} 610) 672 
604|  245| 599] _—«657 
628] 284| -=588| +642 
653} 324 577] 627 
678| . 60364) 566 . 85612 
703| 403} 555; 597 
.51728| 443) 545] i582 


753 483) 1. 6534 567 
778 522 523 551 
803 562 512 536 
828 602 501 521 
852 642 490 506 


877| . 60681 479) . 85491 
902 721 469 476 
927 761 458 461 
952 801 447 446 
- 51977 841 436 431 


- 52002 881) 1. 6426 416] 40 
026 921 415 401 
051) . 60960 404 385 
076; . 61000 393) . 85370 
101 040 383 355 
126 080 372 340 
151 120 361 325 
175 160 351 310 

. 52200 200 340 294 
225 240 329) —-279 
250 280) 1. 6319 264 
275) . 61320 308) . 85249 
299 360 297 234 
324 400 287 218 
349 440 276 203 


374 480 265 188 
-.52399 520 255 173 
423 561 244 157 
448 601 234 142 
473) . 61641 223) . 85127 


OOOND OU CON = © 


23 578| 631] 056] 266 
24 | 603] .58670| _—045/ . 86251 
25 628} 709. +-033|~—~—«237 
26 654, 748} 022] 222 
27 679} 787} 1.7011] 207 
28 704| 826] 1.6999] 192 
29 729| 865} —«988|_—=—=«78 


30 |.50754| 905) 977| +1638 
31 779} (944, 965} 148 
32 804| . 58983 
33 829] .59022/ 943] 119 
34 854, C61| ~—«932| ~——«:104 
35 879|101| 920) 089 
36 904, 140| 1.6909} 074 
37 929} 179) 898] 059 
38 954, 218] 887) 045 
39 | .50979| 258; ~—«875| —030 


40 | .51004 297 864 015 
4] - 029) . 59336 853} . 86000 
42 054 376 842) . 85985 
43 079 415 831 970 


44 104| __-454| 1.6820] _—956 52597, 842/ ~—«170| =O 
45 129; 494/~—«808|~—S=« 4 ~ 621| 882/160! 035 
46 154 533;  797| 926 646] 922] 149) 020 
47 179} 573) 786, 911 671| .61962| 139] . 85005 
48 204] 612 775; 896 696] .62003| 128] . 84989 
49 229| .59651| _764| ~—«881 720} -043/~—118| 974 
50 | .51254| 691/753) ~~ ~-866 745| 083] 1.6107| 959 


51 279 730 742| . 85851 . 52770 124 097 043] 9 
§2 304 770) 1. 6731 836 794 164 087 928} 8 
53 329 809 720 821 819 204 076 913] 7 
54 354 849 709 806 844! . 62245 066) . 84897] 6 
55 379 888 698 792 869 285 055 882} 5 
56 404 928 687 777 893 325 045 866] 4 
57 429] . 59967 676 762 918 366 034 851] 3 
58 454| . 60007 665 747 ° 943 406 024 836] 2 
59 479 046 654 732 5 967 446 014 820] 1 
60 | . 51504] . 60086; 1.6643) . 85717 60 | . 52992 - 62487 1. 6003} . 84805} 0 

cos cot tan sin cos cot tan sin J 

59° 58° 
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Fage 192] 


32° 33° 

sin tan cot cos sin tan cot cos 
0 | . 52992) .62487) 1.6003] . 84805 0 | .54464] .64941| 1.5399| . 83867 
1 | .53017 527| 1.5993 789 1 488} . 64982 389 851 
2 041 568 083 774 2 513] . 65024 379 835 
3 066 608 972 759 3 537 065 369 819 
4 091 649 962 743 4 561 106 359 804 
5 115 689 952 728 5 586 148 350 788 
6 140| . 62730 941 712 6 610 189 340 772 
7 164 770 931 697 7 54635 231 330} . 83756 
8 189 8)1 921} . 84681 8 659 272| 1. 5320 740 
9 | . 53214 852 911 666 9 683] . 65314 311 724 
10 238 892) 1. 5900 650 10 708| © 355 301 708 
11 263 933 890 635 11 732 397 291 692 
12 288) .62973 880 619 12 756 438 282 676 
13 312) . 63014 869 604 1 781 480 272\|° 660 
14 337 055 859 588 14 805 521 262 645 
15 361 095 849} . 84573 15 54829 563 253] . 83629 
16 | . 53386 136 839 557 16 854 604] L. 5243 613 
1 411 177 829 542 17 878] . 65646 233 §97 
18 435 217 818 526 18 902 688 224 §81 
19 460 258 808 511 19 927 729 214 565 
20 484 299| L 5798 495 20 951 771 204 549] 40 
21 509] . 63340 788 480 21 975 813 195 533] 39 
22 534 380 778 464 22 | . 54999 854 185 517] 38 
23 558 421 768] . 84448 23 | . 65024 896 175| . 83501] 37 
24 | . 53583 462 757 433 24 048 938] 1. 5166 485) 36 
25 607 503 747 417 25 072! . 65980 156 469] 35 
26 632 544 737 402 26 097| . 66021 147 453] 34 
27 656 584 727 386 27 121 063 137 437) 33 
28 681 625 717 370 28 " 145 105 127 421} 32 
29 . 705} . 68666 707 355] 31 29 169 147 118 405] 31 
30 730 707| 1. 5697) . 84339] 30 30 | . 55194 189 108 389] 30 
3 754 748 687 324] 29 31 218 230 099) . 83373] 29 
32 | . 53779 789 677 308] 28 32 242 272) 1. 5089 356] 28 
33 804 830 667 292] 27 33 266 314 080 340] 27 
34 | 828 871 657 277) 26 34 291! . 66356 070 324] 26 
35 853 912 647 261] 25 35 315 398 061 308] 25 
36 877 953 637 245] 24 3 339 440 051 292) 24 
37 902; . 63994 627 230] 23 37 | . 55363 482 042 276] 23 
38 926| . 64035 617| . 84214} 22 3 388 524 032 260) 22 
39 951 076 607 198] 21 39 412 566 023] . 83244] 21 
40 | . 53975 117| 1. 5597 182] 20 40 436 608 013 228] 20 
41 | . 54000 158 587 167} 19 41 460| . 66650} 1. 5004 212] 19 
42 024 199 577 151] 18 42 484 692) 1. 4994 195; 18 
43 049 240 567 135] 17 43 509 734 985 179] 1 
44 073 281 557 120] 16 44 533 776 975 163] 16 
45 097] . 64322 547) . 84104] 15 45 | . 55557 818 966 147] 15 
46 122 363 537 O88} 14 46 581 860 957 131] 14 
47 146 404 §27 072] 13 47 605 902 947) . 83115] 13 
48 171 446 517 057] 12 48 630 044 938 098] 12 
49 195 487 507 041} 11 49 654] . 66986 928 082] 11 
50 54220 528) 1. 5497 025} 10 50 678] . 67028 919 066] 10 
51 244 569 487| . 84009] 9 51 702 071| L 4910 050] 9 
52 269) . 64610 477| . 83994] 8 52 55726 113 900 0341 8 
53 293 652 468 978] 7 53 750 155 891 017] 7 
54 317 693 458 962} 6 54 775 197 882} . 83001] 6 
55 342 734 448 946] 5 55 799 239 872] . 82985 
56 366 775 438 930] 4 56 823 282 863 969 
57 391 817 428 915| 3 57 847 324 854 953 
58 415 858 418 899] 2 58 871 366 844 036 
59 440 899 408 883] 1 59 895 409 835 920 
60 | . 54464} .64941| 1.5399) . 83867] 0 60 | .55919} .67451| 1.4826) . 82904 

cos cot tan sin cos cot tan sin J 

§7° 56° 


TABLE 31. [Page 193 
Natural Trigonometric Functions. 
34° 35° 
cot cos sin tan cot | cos 

- 67451/ 1. 4826) . 82904] 60 - 67358] .70021| 1.4281) .81915 
493 816 887] 59 381 064 273 899 
536 807 871) 58 405 107 264 882 
578 798 855] 57 429 151 255 865 
620 788 839] 56 453 194 246 848 
663 779 822} 55 5 477 238 237 832 

. 064) . 67705 770 806] 54 6 601 281 229 815 
748 761 790} 53 7 524] . 70325 220] . 81798 
790 773] 52 8 548 368} 1. 4211 782 
832 742) . 82757) 51 9} . 57572 412 202 765 
875| 1. 4733 741} 50 10 596 455 193 748 
917 724 724) 49 11 619 499 185 731 

- 67960 715 708} 48 12 643 542 176 714 
- 68002 705} . 692] 47 13 667 586 167 698 
045 696 675] 46 14 691 629 158 681 
088 687 659] 45 15 715) . 70673 150] . 81664 
130 678 643] 44 16 738 717| 1. 4141 647 
173 669 626] 43 17 762 760 132 631 
215 659} . 82610] 42 18 | . 57786 804 124 614 
258 650 593] 41 19 810 848 115 597 


833 891 106 580 
857 935 097 563 
881] . 70979 089 546 
904) . 71023 080] . 81530 
928 066) 1. 4071 513 


952 110 063 496 
976 154 054 479 
- 57999 198 045 462 
- 58023 242 037 445 
047 285 028 428 


070) . 71329 019 412 
094 373 011] . 81395 
118 417| 1. 4002 378 
14] 461] 1. 3994 361 
165 505 985 344 


189 549 976 327 
. 568212 593 968 310 
236 637 959 293 
260] . 71681 951 276 
283 725 942| . 81259 
307 769 934 242 
330 813 925 225] 19 
354 857} 1. 3916 208] 18 
378 901 908 191} 17 
. §8401 946 899 174] 16 
425; . 71990 891 157] 15 
449] . 72034 882 140] 14 
472 078 874| . 81123) 13 
496 122 865 106] 12 
519 167 857 089} 11 


301} L 4641 577| 40 

425] . 68343 632 561} 39 

386 623 5441 38 

429 614 528] 37 

605 511] 36 
514 596 495} 35 
557 586 478] 34 
600 577| . 82462] 33 
568 446] 32 
685 599 429] 31 
728) 1. 4550 413] 30 

77 641 396] 29 


900 514 347| 26 


496| . 82314] 24 
69028,  487| 297] 23 
071} 478; 281] 22 
114] 469} _~—264] (21 
157| 1. 4460/ 248] 20 

200| 451) 231] 19 
243} 442! 214] 18 
286 433} 198} 17 
424] 181] 16 
372; 415! _ 165{ 15 

14 

13 

12 

11 

10 

9 


416 406] . 82148 
459 397 132 
502 388 115 
545 379 098 


~~ §88} 1. 4370 082 543 211 848 072) 10 
631 361 065 567 255] 1. 3840 055 
167| . 69675 352 048 . 58590 299 831 038 
718 344 032 614] . 72344 823 021 
761 335| . 82015 637 388 814] . 81004 
804 326| . 81999 551. 661| 432 806] . 80987 


684 477 798 970 
57 708 521 789 953 
58 731 565 781 936 
- 69977 290 932 59 755 610 772 919 
- 70021} 1.4281) . 81915 60 | .58779| .72654| 1.3764) . 80902 


cot tan sin cos cot tan sin 


55° 54° 


847 317 982 
891 308 965 
934 299 949 


Om DO ROR VO 
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Natural Trigonometric Functions. 


36° 37° 
‘| sin | tan cot cos : sin | tan cot cos 
- 58779] . 72654] 1.3764) . 80902) 60 0 | .60182) . 75355) 1.3270) . 79864) 60 
802 699 755 885 1 205 401 262 846] 59 
826 743 747 867 2 228 447 254 58 
849 788 739 850 3 251 492 246 57 
873 832 730 833 4 274 538 238 56 


Eo | EES | Eee | eee fe 


896 877 722 816 5 298 584 230 55 
920 921 713 799 6 32 629 222 54 
943] . 72966 705| . 80782 7 344| . 75675 214 53 
967) . 73010 697 765 8 367 721 20 52 

. 58990 055 688 748 __9 | . 60390 767|_1. 3198 51 
- 59014 100; 1. 3680 730 10 414 812 190} . 79688] 50 
037 144 672 713 11 437 858 182 49 
061 189 663 696 12 460 904 175 48 
084 234 655 679 13 483 950 167 47 
108 278 647 662 14 506] . 75996 159 46 
131| . 73323 638] . 80644 15 529] . 76042 151 45 
154 368 630 627 16 553 088 143 44 
178 413 622 610 17 | . 60576 134! 1. 3135 43 
201 457 613 593 18 599 180 127 42 

. 59225 502 605 576 19 622 226 119 41 
248 547] 1. 3597 558 20 645 272 111 40 
272 592 588 541 21 668 318 103 89 
295] . 73637 580) . 80524 22 691 364 095 38 
318 681 572 507 23 714 410 087 37 
342 726 564 489 24 738 456 079 1} 36 
365 77) 555 472 25 761) . 76502 072 35 
389 816 547 455 26 | . 60784 548] 1. 3064 34 

- 69412 861 539 438 27 807 594 056 33 
436 906 531 420 28 830 640 048 32 
459 951) _—-22 403 29 853 686 040 31 
482) . 73996) 1. 3514) . 80386 30 876 733 032} . 79335} 30 
506] . 74041 506 368 31 899 779 024 29 
529 086 498 351 32 922 825 017 28 
552 131 490 334 33 945 871 009 27 
576 176 481 316 34 968 918) 1. 3001 26 

- 59599 221 473 299 35 | .60991/ . 76964) 1. 2993 5 
622 267 465 282 36 | .61015) . 77010 985 24 
646 312 457) . 80264 37 038 057 977 23 
669) . 74357 449 247 38 061 103 970 22 
693 402 440 230 39 084 149 962 21 
716 447| 1. 3432 212 40 107 196 954] . 79158) 20 
739 492 424 195 41 130 242 946 19 
763 538 416 178 42 153 289 938 18 

. 59786 583 408 160 43 176| . 77335] 1. 2931 17 
809 628 400 143 44 | . 61199 382 923 16 
832| . 74674 392} . 80125 45 222 428 915 15 
856 719 384 108 46 245 475 907 14 
879 764 375 091 47 268 521 900 13 
902} 810} 367] 073 48 291 568] 892) . 79016) 12 
926 855 359 056 49 314 615 884 11 
949 900} 1. 3351 038 50 337) . 77661 876 0 
972 946 343 021; 9 51 360 708 869 9 

- 59995] . 74991 335] . 80003] 8 52 | . 61383 754| 1. 2861 8 
- 60019] . 75037 327| .79986| 7 53 406 801 853 7 
042 082 319 968] 6 54 429 848 846 6 
065 128 311 951) 5 55 451 895 838 5 
0R9 173 303 934] 4 56 474 941 830 4 
112 219 295 916] 3 57 497| . 77988 822 3 
135 264 287 899] 2 58 520] . 78035 815 2 
158 310: 278 881} 1 59 543 082 807 1 

60 | . 60182) . 75355, 1.3270) . 79864] 0 60 | .61566; . 78129) 1.2799) .78801| 0 

ae a cot tan sin : cos cot tan sin 


53° : 52° 
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38° 39° 

Sin _ tan cot cos 
. 61506 ". 78129] 1. 2799| . 78801 
589 175 792 783 
612 222 184 765 
635 269 776 747 
____ 658 316 769 729 
681 363 761 711 
704 410 753) | 694 
457 746 676 
749 504 738] . 78658 
- 61772 - 78551 731; _—_—«640 
795 698] L 2723 622 
818 645 715 604 


~ 


sin tan cot cos 

- 62932] . 80978) 1. 2349] . 77715 
955] . 81027 342 696 

« 62977 075 334 678 


045 220 312 623 


O G6 93 GD Ou > 69 DO et @ 


one *— eee | eee mop || eR 


- 63158 461; 1. 2276 531 
180} . 81510 268 613 
203 558 261 


225} 606) 254] 476 
248| 655, —-247|_— 458 
15 | 271] _703| ~~ 239|"__ 439 
16 293} 752) 232) . 77421 
17 | .63316| 800)  225/ 402 
18} 338 849} 218 384 
19 361| 898 —-210|~— 866 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
0 


eee eee | cog, ee | eee 


955 928 
- 61978) . 78975 662 478 
« 62001} . 79022 655 460 


024 070) L. 2647 442 


i] 
—_ 


24 |.63473| 1411 174/273 
25 |  496|190|_167| 255 


28 563} 336, 145] 199 
29 585| $85; —«138| «181 
30 | 608| 484! 1. 2131| . 77162] 3 
31 | . 63630] .82483| 124) 144] 29 
32 653} 531/ 117| 126] 28 
33 675| 580! 109} 107) 27 
34 698| _629| + ~—«:102)_—=—(088| 26 
35 | 720/678} +-095| O70) 25 
36 742} 727| 088,  051| 24 
37 765| 776| 081| 033) 23 
38 787, 825]  074| .77014| 22 
39 | .63810| 874] _066| . 76996 21 
40 832| 923] 1. 2059|_ -977| 20 
41 854| 82072) 052} 959] 19 


206) 4491 587/ 297 
229| .79496| __579| . 78270 
~ 251|" 644] 1. 2572, 261 
2744 591 564| 243 
297, 639) 557| 225 
320| 686, 549] 206 
842) = 734| «542/188 
. 62365] 781| 634; 170 
888,  820| 527] . 78152 
411] 877/ 519} 134 
433, 924 612] 116 
456| .79972| 504] 098 
~—479] 80020] 1. 2497} 079 
502} 067; 4891 061 
6244 115, 482| 043] | 
547, 163 475| 025 
62570] 211) + 467| . 78007 
592|__-258|  460| . 77988 
615, 306, 452] 970 


SHUSTER HKS SENSALES 


45 044 169 024 884] 15 
46 966 218 017| . 76866} 14 
47 | . 63989 268 009 847| 13 
48 | .64011 317) 1.2002 828] 12 
49 033} _—366} 1.1995 810} 11 


50 056] 415 988 791} 10 


546 415 &79 51 078] . 83465 981 7721 9 

. 62781 594 408| . 77861 52 100 514 974 8 
174 642 401] 843 53 123 564 967| .76735| 7 
796 690 393 824 54 | . 64145 613; 960) 717] 6 
$19 738 386 806 55 167 662 953, 698] 5 
842 786 378 788 56 190 712 946 679) 4 
864 834 371 769 57 212 761 939 6611 3 
887 882 364 751 58 234 811 932 642] 2 
909 930 356 733 59 256 860 925 623} 1 

- 62932! °. 80978] 1.2349] . 77715 60 | . 64279] . 83910) 1.1918) . 76604] 0 
é 


“eos | cot | tan | sin | cos | cot | tan | sin 


51° 50° 
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40° 
if sin tan cot | c 
0 | .64279| . 83910) 1.1918 
1 301| . 83960 910 
2 323] . 84009 903 
3 059 896 
4 368 108 889 
5 390 158 882 
6 412 208 875 
7 435 258 868 
8 | . 64457 307 861 
9 479 357 854 


590 606 819 
612 656 812 
. 64635 706 806 
657 756 799 


701 856 785 


ee | ete | eee ee 


723 906] 1. 1778 
746| . 84956 771 
768/ . 85006 764 
790 057 757 
. 64812 107 750] . 
834 157 743 
856 207 736 
878 257 729 
901 308 722 
923 358 715 
945 408) 1. 1708 


41 

42 | . 65210) . 86014 626] . 
43 232 064 619 
44 254 115 612 
45 276 166 606 
46 298 216 599 
47 320 267 592 
48 342 318 585 
49 364 368 578 
50 | . 65386 419| 1. 1571 
51 408] . 86470 565} . 
52 430 521 558 
53 452 572 551 
54 474 623 544 
55 496 674 538 
518 725 531 


41° 
sin |_ tan cot | cos | | 
- 65606) . 86929; 1. 1504| . 75471) 60 
628} . 86980 497 452] 59 
650) . 87031 490 433} 58 
672 082 483 414] 57 
694 133 477|__: 395] 56 
716 184 470 375] 55 
738 236 463 356] 54 
759 287 456 337] 53 
781 338 450) . 75318] 52 
65803 389 443 299] 51 
825 441) 1. 1436 280) 50 
847| . 87492 430 261} 49 
869} 543) 423 241} 48 
891 595 416 222) 47 
913 646}. 410 203] 46 
935 698 40 184} 45 
956; 749 396] . 75165] 44 
e 65978 801 389 146} 43 
° 852 383 126} 42 
022| 904] 376] ~—«107| 41 
044; . 87955) 1. 1369 088} 40 
066) . 7 363 069] 39 
088 059 356 050] 38 
109 110 349 030] 37 
131] 162 _-343| . 75011) 36 
- 66153 214 336] . 74992} 35 
175 265 329 973] 34 
197} 317; 323) 953 
218} 369} 316) 934} 32 
240 421 310 915} 31 
262/ . 88473] L 1303 896} 30 
284; 524) 296) 876) 29 
- 66306 576} 290! 857} 28 
327 628; 283 838] 27 
349 680 276|_. 74818] 26 
371 782 270 799 
393 78 263 780 
414 836, 257 760 
436 888 250 741 
- 66458 940 243 722 
480] .88992| I. 1237 703] 20 
501] . 89045 230 19 
523 097 18 
545 149} = 217 . 74644] 17 
566] _—-201 211 625] 16 
588 253 204 606 
66610; 306 197; 586 
632 358 191 567 
653 410 1& 548 
___ 675) 468 178 a 
~ 697| . 89515 Pata 10 
718; 567 ° 74480 9 
740 620 168 470} 8 
66762 672 152 461] 7 
783 725 146 481] 6 
805 @77 139 412) 5 
827 830 132 302] 4 
848 883 126 873] 3 
870 935 119 858 2 
891) . 89988 113 ; 
/ 


- 66913) . 90040) 1.1106 . 74314 


cos 


cot 


48° 


“tan | ein 
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42° 43° 


sin tan cot cos sin tan cot cos 

e 66913) . 90040) 1.1106) . 74314) 60 

935 093 100 295] 59 

956 146 093 276) 58 

978 199 087 256] 57 
5 
6 
7 
8 
9 


. 68200| . 93252) 1. 0724| . 73135] 60 
221} 306| 717} 116] 59 
242| 360/ 711] 096 
264, 415! 705| 076 
285| 469} ~—«699| += 056 
306] __524|_692| 036 
327| .93578|  686| . 73016 
349} 633] 680! . 72096 
370| 688}  674| 976 

{.68391] 742} ~— 668, ~—«957 
412/__797| 1.0661] 937 
4344 852} 655| 917 
455, 906, 649] 897 
476| .93961|  643| 877 
497| .94016| 637| 57 
518} 071) 630) . 72837 
539) 125, 624| 817 
561, 180i 618 797 

68582} 235 612) 777 
603| 290] «606; 757 

624) 345] 1. 0599] 737 
645} 400} 593] 717 
666,  455/ 587| 697 
688] .94510| 581] . 72677 
709|  565| —«575| 657 


.66999| 251/080} ~——s-237] 56 

67021| 304) 074) 217] 55 
043] 357) 067; 198] 54 
064, 410| 061] 178 
086] 463] 1. 1054] . 74159] 52 
107| . 90516} 048] ——-139| 51 


rr ee cf eee — 


10 129] 669/041} ‘120! +50 
151; 621} 035] 100) 49 

172;  674| 028] 080] 48 
67194, 727] 022| 061) 47 
215] 781/016} ~—s 041 46 

237; 834/ _009| _—-022) 45 

258| 887) 1. 1003] . 74002| 44 

280| 940] 1.0996] . 73983] 43 

301} .90993| 990) 963) 42 

323] .91046| _983| —94] 41 


11 
12 
13 
14 
16 
16 
17 
18 
19 4 
He 099/" 977/924] 40 


0 
] 
2 
3 
4 
5 
6 
7 
8 
9 


366, 153} 971; 904] 39 

387} 206/ 964] 885] 38 

409} 259]  958| 865] 37 

430| 813] _—«951|_—=— 8 46}_ 36 

25 | 452\ 866) 1. 0945] . 73826] 35 
26 473} 4191 939] — 806] 34 
495} 473) 932| 787) 33 

28 | . 67516] .91526, 926, 767] 32 
538| 580] _—«919| 747] 31 
550/633; 913) 728) 30 
680, 687 907; 708] 29 
602; 740) 900] 688) 28 
623, 794 894) 669] 27 
645| 847] 1. 0888) . 73649] 26 

. 67666| 901) 881i 629) 25 
688| .91955|  875| 610) 24 
709| .92008} 869} 590} 23 
730| 062| 862) 570) 22 
752] —:116| =~ 856| 55} 21 


751, 676, 562| 617 
.68772| 731) 556) 597 
793) 786,  550| 577 
814| 841! 544] 557 
835/896) 1. 0538) 537 
857| .94952) 532) 517 
878| .95007| 526] . 72497 
g99] 062) 519] 477 
920/118] 513) 457 
941/173) 507| «437 
962) 229) 501) 417 
.68983| 284 495] 397 
69004, 340/ 489] 377 
025] _—395| ~—483| 357 


773 170 850 531} 20 40 046 451] 1. 0477 337 

795 224 843 511] 19 41 067| . 95506 470} . 72317 

816] - 277) 1. 0887] . 73491) 18 42 088 562 464 297 

- 67837 331 831 472] 17 43 109 618 458 277 

859 385 824 452] 16 44 130 673 452 257 

880 439 818 432] 15 45 |. 69151 729 446 236 

901) . 92493 812 413) 14 46 172 785 440 216 

923 547 805 393) 13 47 193 841 434 196 

944 601 799 373] 12 48 214 897 428] . 72176 

49 965] . 655 793 353] 11 49 235] . 95952 422 156 

50 | . 67987 709 786 333] 10 50 256] . 96008) 1. 0416 136 

51 | . 68008 763} 1. O780| . 73314] 9 51 277 064 410 116 
52 029 817 774 294] 8 52 | . 69298 120 404 095) 8 
53 051 872 768 274 7 53 319 176 398 075) 7 
§4 072 926 761 254| 6 54 340 232 392 055) 6 
55 |- 093) .92980 755 234, 5 55 361 288 385 035} 5 
56 115| . 93034 749 215) 4 56 382 344 379| .72015| 4 
57 136 088 742 195} 3 57 403 400 373) 71995] 3 
58 157 143 736 175} 2 58 424 457 367 974] 2 
59 179 197 730 155; 1 59 445 613 361 9541 1 
60 | . 68200) . 93252) 1. 0724) .73135| 0 60 | . 69466) . 96569) 1.0355) .71934] 0 
cos cot tan sin i cos cot tan sin f 


47° 46° 
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0 
1 
2 
3 
4 
5 
6 
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TABLE 32. 
Logarithms of Numbers. 


100 


1 |d) 2 jd) 8 jd) 4 jd] & jd) 6 jd) 7 [d) 8 [ad 9 [dl_ Pro Pats 
20000).s{00043}14(00087|«}00130|«|00173 0021 7|43100260|4s|00303|43100346|«s(00389 


e 
432\43 475\43} 618)43} 561 6044310064 7 |42|00689)|43|00732/43100775)12'00817\431 | 
00860/43/00903)/42/}00945/43|}00988)42/0103042101072/43/01 1 15/42/0115 7/42/01 199)43101242 2 
101368!42101410l42] 452 494/42} 536/42} 578)42101620)42101662!4 ; 
1703/42/01 74.5)42101787)41101828}42/018 70421019 12/41/01953)42/01995|41102036)42102078 5 
1102160\42102202141102243141102284 la1l02325\41/02866141102407/421 4491411 490la| § 
572\401026 12)41102653)/41/02694 41102735 /411027 76|40102816/41102857/41|\02898/40 8 
1/02979/401030 1 9/41103060/40/03 1001411031 41 |4c/103181/41/|03222!40|03262/40/08302\40) 9 
1103383]40| 423\40] 463l40} 5030] 543]40] 583/40/03623)/40103663/40103703)40) 10 
03782|40|03822/40103862/40|03902 2910394 1 |40/10398 1 |40/0402 1 |390|04060/40/04 100/39 5 
04 179)39/042 1 8/40104258|39/04297 30104336/40104376/30] 415/30] 454/39] 493 > 
571|301 610)40104650/30104689188104727/|39104766)|39|04805|39/04844/39104883 3 
0496 1/38104999/39|05038/39|05077 88105) 15/39/08 154/38/05 1 92/39/0523 1 |38105269 6 
6/39105385/38] 423i38) 461]}s0; 500\38} 538/38) 576i38} 6) 4/38105652 5 
05767/|38|05805/38|05843810588 1|37105918/38|05956/38/05994'38|06032 6 
07038106108 37/06145)3 3106183|38/0622 1 |37}06258|38|06296/37|06333)|38|0637 1|37; 408 
521)37|} 658)37} 595p8K0 06633 37106670/37|06707|37|/06744|37/06781|381 5 

RB 19\37 06856|37106893!37106930)37 06967 B7107004/37/0704 1/37107078)|37/07 115|36/07151 
188137/07225|37/07 262)36/07 298/37|07335k 372/36} 408}37| 4451371 482\36| 518 ; 
628)36/07 664|36107 700137107 737 '|36'07 77 3/36|07809)|37|07 846|36|07 882 1 
amend ace se oe el te eee ee 2 
07990)37/08027 |36/080636108099)|36/08 135/36/081 7 1 |36/08207/36108243 3 
08350: 386 422k 458|35| 493/36} 529/36) 565/35 4 
3610867 2/351087 0736087 43)35|08778 61088 1 4/35/0884 9/35|08884/36108920/35108955 3 
0899 1 |35/09026/35/0906 1 |35109096/36/09 1 32135109 1 67/35|09202!35|09237|35/09272|35|09307 : 
412 447\35| 482k 517\35| 652/35} 587|34| 621/35}09656 8 
9 
0969 1/35/09726|341097 60|35109795/35|09830134109864 |35/09899)35/09934/34109968'35 meri 10 


10755}34|10789|34)10823)34| 10857 33/10890/34/ 1092434) 10958/34|10992)33/ 11025 * 
11059)34/11093)33]1 1 126)34)11160)33/111 93% aa i 34/1126 1 |33/11294|33|11327|34| 361/33 


130 | 394/34] 428i33 461\33| 494 


p= 
9 
pi 
—) 
pat 
“Ty 
wo 
a] 
i 
= 
g 
% 
put 
pm 
aj 
© 
i) 
8 
pat 
= 
24 
w 
(=;) 
= 
A) 
= 
a8 
— 
pat 
10) 
© 
i) 
% 
=) 
i 
© 
wo 
=) 
8 
pad 
aad 
© 
or 
© 
8 
=) 
S 
we 
8 
Fade 
A 
OVMsPvpypWN—o 


135 113033 


137 | 672 
138 |13988 


33] 18066/32|13098 agri 13162)32/13194/32|13226/32/13258|32|13290|32, 322/32 


640): 
32/13704 31 13735 13767 21137991)13830)|32|13862'31|13893/32| 13925/31)13956/s2 
31] 1401 9/32) 1405 1/31/14082/32] 141 14131}14145)31/14176)32| 14208)31| 14239}31|14270)31 
4261 46739 32 fas bh 31 


OVD WAM RWN |—O 


& 

i: 
= 

Q 
tw 
on 
=) 

on) 
on 
on 
> 
go 
Qn 
= 

pm 
4! 
aj 
pod 
ou 
= 

pad 
4! 
a] 
YN 
Oo 
=) 

pms 
4 
a] 
a] 
D> 
=) 

z 
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OVUAwWHUW SF WN —O 
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wo 
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150 


No.| 0 {dj 1 |{d; 2 [dj 3 |{d| 4 Jd) & |{d| 6 |{d}/ 7 {d} 8 {d| 9 |dj_FProp Pats 


150 117609/29|17638)20| 17667\29|1 7696|20| 17725) 29] 17754|28| 17782\0|1781 1|20117840|20/17869|201 
151 |17898)28|17926|29| 17955|29|1 7984 |29] 1801 3] 28) 1804 1 |29| 18070|29|18099|238|18127|20/18156\2a 
152 118184/|29|18213)23)18241|29|18270|238} 29820) 327\28} 355|20] 384/23] 412|l201 441joa 2 
153 | 469/20] 498\28} 526l28| 554|20/ 583l28} 611i2s} 639|23] 66720] 606/28/18724\28 ? 
154 |18752|28|18780|23| 18808|29| 18837 |28| 1886528] 1 8893) 23| 1892 1 |25|1894.9|28|18977|28| 19005|281 
6 

155 119033/28/19061 |28|19089!28| 191 1 7)}28) 19145) 28] 191 73/28) 1920 1/28) 19229/!28}19257\28} 285 7 
156 312/28] 340/28] 368i28| 396\28| 424/271 451ies| 479128} 507\28} 635]27} 562i21 8 
157 | 590\281 618|27} 645j)28| 673|27] 700{28119728/28|19756|27/19783)28| 1981 1l27 19838}28 mi 9 
158 |19866|27|19893|28| 19921 |27|19948| 2819976127] 20003/27|20030|28|20058|27|20085|27| 201 1 2\2a1 2 
159 120140\27/20167|27|20194|28|20222\27 21|2024$ 276\27} 30327] 330\28} 358\27} 385\27 . 
648\27|_ 875\27] 602\27| 629}27| 656\27q 5 

208 17|27|2084 4|27|2087 1127/20898|27|20925|27] 3 

21085|27/211 1 2|27/21 139|26|21 165127/21192\e7 4 

352\261 378\27] 405)261 431127) 458/28 5 

484127] 611\26} 587/27| 564\26} §590}271 617|26/ 643/26) 669|27| 696\28/ 722 : 
21880|26|21906|25|21932}26|21958|27|21985|20 & 

2214 1)\26|22167|27/221 94|26| 22220) 26|22246|26] 16 


22917|26|22043|25|22068|26|22994|25| 23019] 26 

-|—- | —- 2 

23172\28 26|23 198/25|23223)26|23249)\25| 274 3 

426\28| 452\25) 477\25| 502\26| 528|25 & 

679|25| 704|25} 729|25/28754|25|23779|20 > 

23930)25| 2395512523980) 25|24005)25| 24030 j 

24 180/|24/24204]25}24229)25] 254125} 279 8 

9 

428|241 452)25} 477\25} 502 527 | 24] 10 

674/25} 699 724\|24| + =748)25124773)24 

24920|24|24944125|24969/24|24993/25|25018)241 O 

25 164)24/25188124|25212!25/25237i24) 26ll2s} ! 

406|25| 43124] 455\2] 479|%] 503 

Mi =6648)24) 672)24) 696)24) T20\24} 744124 : 

25768'|24|25792/ 24) 258 1 6/24/2584 0)24125864124] 25888 24/250 1 2/23/26935 | 24|25059|24|28983 6 

26007 |24|2603 1 |24|26055]24/2607 9/23/26 102) 24126126) 24/26150}24/261 74/24/26 1 98)23/2622 1 7 

f §=364)23} 387\o4] 41 1j24] 435/231 458jo4) 8 

“| 553/23} 576124) 600\23} 623)24] 647)23| 670l24) 694/23 2 

26834 |24|26858/23/2688 1 |24| 26905 | 23] 26928) 23 

2695 1|24/26975|23|26998)|23/2702 1 |2412704.5] 23] 27068 23/2709 1/23/27 1 14124127 13823127 161 2: | 

300/23} 323)23) 346/24) 370/23} 393/231 5 

531|23} 554/23} 67723} 600/23} 623231 3 

646)23 669/23 23} 6092)23} 715}23! 738l231 4 761)23/27784)23127807 |23/27 830)22/27852\23] 4 

FEme e S)| eNee GEE PARRA AOS, (iy) SIMRO RN (Ey) Pate a 5 

427989123280 1 2!23128035}23| 28058) 23/2808 1\24 © 

28 103/23128 126) 23/28 1 49122/281 7 1 |23|28194]23}28217\23} 240)\22} 262!23| 285)22} 307/23 7 

4 =6443)23) 466/22} 488/23} 511}22} 533/231 

4 668/23} 691)22] 713/22} 735)23| 75824 19 
28780)23|28803)22/28825|22|28847|23| 28870) 2428892) 22|289 | 4/23}28937 |22| 28959) 22/2898 1 |2: 2a 
29003)23|/29026] 22) 29048) 22|29070)}22| 29092) 23] 29 1 15) 22/29 137/22)29 1 59/22/2918 1 |22/29203) 2: 
336/22) 358|22/ 380/23} 403)22} 425)io9 2] «4 
557/|22| 579|221 6O1|22} 623\22} 645|243 3] 6 
776|22|29798}|22|29820}22|29842\21|29863\24 4] 8 
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456 8§96]10165906)10/65916) 9/66925)10/66935) 916594.4110/66954! 9|65963/10/65973) 9/65982i10; 6 6 
457 165992! 9|66001/10/6601 1} 9166020110/|66030} 9166039}10|66049] 9166058) 10/66068)| 9/66077)10[ 7 7 
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463 5581 9] 567l10| 577) 9} 586)0 605] 91 614}10} 624) 9] 633) 9| 642/10 
464 652) 9| 66110: 671) 9| 680) 9 699] 9} 708] 9} 717|10| 727| 9} 736) 9 
465 745|10| +4755) 9| 764) 9| 773h0 792) 9} S8Olj10} 811} 9) 820) 9; 829)10 
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468 |67025) 9|67034| 9167043) 9/67052)10167062| 9167071) 9|67080} 9|67089)10) O99] 9} 108) 9 
145) 9 164} 9} 173} 9) 182} 9) 191}10) 201) 9 
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330} 9 348) 9} 357}10| 367] 9| 376) 9| 385) 9 
422] 9 o «6. 4.40) 9} §9=-4.4.9]10167 459] 9167468) 9167477) 9 
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473 167486] 9167495) 9167504/10167514! 9167523] 967532] 9167541] 9} 550!10} 560) 9) 569 1 1 
474 | 578\9| 587191 596] 9| 605] 9 624 633] 9| 642] 9| 651/09] 660 ; 
475 | 669|10| 679} 9| 688) 9! 697) 9 4 715\9| 724/91 738/91 7420 752:0] 4) 4 
476 761) 9| 770\9| 779) 9| 788) 9 + §806) 9} 815i10/ 825/90} 83410] 843} 0} 5 5 
477 852! 9} 861|9| 870) 9| 879) 9 8971 9] 906)10167916] 9|67925| 9'67934| 9) 6 5 
478 |67943)| 9167952] 9167961) 9167970] 9167979] 9167988] 9167997| 9168006] 9/68015| 9168024)10) 7 6 
479 |68034| 9/68043} 9|68052) 9168061] 9|68070} 9168079] 9/68088/ 9] 097) 9} 106) 9| 115) 9 : ‘ 
480 124/ 9} 133) 9) 142/90} 151/19 169} 9} 178) 9} 187} 9} 196) 9) 205h0 
481 215) 9| 224|/9| 233) 9) 242) 90 9 6.260 9} +269) 9} 278! 9} 287| 9} 296) 9 
482 305| 9} 314) 9} 323) 9} 332] 9 350| 9} 359) 9! 368] 9} 377) 9| 386) 9 
483 395) 9| 404) 9! 413) 9! 422) 9 440} 9| 44919! 458) 9168467) 9168476] 9 
484 168485] 9168494) 8|68502, 968511] 9|68520} 9]68529]| 9/68538] 9/68547| 9} 556) 9} 565) 9 
485 574| 9| 583] 9) 592! 9} 601) 9 619] 9} 628] 9| 637) 9] 646] 9} 655] 9 
486 664| 9] 673) 8| 681) 9} 690| 9 708] 9} 717|\9| 726) 9) 735)9) 744) 9 
487 753| 9} 762|9| 77119; 780) 9 797| 9} 806) 9} 815! 9] 824] 9] 833] 9 
488 842} 9] 851] 9| 860) 9} 869] 9 886! 9} 895) 9| 904! 9/68913)} 9168922) 9 
489 |68931/ 9/68940)| 9/68949) 9168958) 8|68966} 9168975) 9|68984/ 9168993) 9|69002) 9/69011) 9 
490 }6$020) 8|69028 9169037 9169046) 9169055] 9169064| 969073) 9169082) 8} O90] 9} 099) 9 
491 108} 9} 117) 9) 126) 9) 135) 9 152] 9} 161} 9) 170) 9) 179) 9) 188) 9 8 
492 197} 8} 205) 9} 214) 9) 223) 9 241| 8} 249) 9) 258! 9| 267) 9} 276) 9 
493 285| 9} 294) 8! 302} 9} 311\9 329) 9} 338) 8} 346) 9!) 355) 9| 3864) 9 
494 373) s| 381) 9} 390) 9) 399) 9 417| 8} 42519] 434) 9) 443) 9| 452) 9 Z 
495 461| 8| 469) ¢} 478) 9) 487/ 9 504] 9} 513) 9} 522/9} 531] 38) 539;91 3 2 
496 548] 9| 557|9| 566) 8] 574! 9 592} 9} 601/ 8} 609) 9) 618) 9! 627; 9] 4 3 
497 636] 8} 644] 9| 653! 9] 662/ 9 679) 9} 688) 9} 697] 8 7O5|9| 714\9] 5 4 
498 723| 9| 732!) 8| 740) 9| 749! 9 767) 8} 775) 9| 78419} 793] s| 801/91 6 5 
499 810) 9} 819) 8| 827) 9} 836) 9 854] 8) 862) 9| 871) 9| 880} 8! 888) 9 : : 
500 |69897/ 9169906) 8/69914/ 9169923] 9/69932/] 8169940] 9169949) 9/69958] s8|69966] 9169975] 91 9 7 


TABLE 32. [Page 207 
Logarithms of Numbers. 


500 


oo oe © 


owonowo 
CWMNOGP ON 


wcnnnae l «oo» @ 


ee re fe |] 


wononnmnnmnl one ws 
© OO “I C2 Ot oh GO DO = 


00 0 0 OO © 


Oe et 


ao © GO & © 


ee) 
OWN Orih GN 


eS et a ee ee ln CE ee 


OO AI Oo GR Or Go 0 = 


IMAP GN N = 


ay 


@? C2 Or he he GO AD et 


Page 208] 


TABLE 32. 
Logarithms of Numbers. 


550 


————_——— ee ee eee 


s| 178 


Qo 0 60 00 


go oo 3 © 


oo © © 
ie.) 
3) 
Qo 


i ee a | 
o 
oO 
Oo 


ao CO & © «7 


~7 0 =] =3 0 


ne fee | Se § ng fn fey | EE ees ff ee |e | fy | ee fees | ee foe 


8/77859 


7177873 


7|\77880 


ee te ee er oe ree fs | ee | ae, | mee | ns | eee | | 


8 


OND Crh OD 


© 00 NIG Cr i GOD 


NIA Cri GD by 


ay 


G2 G2 Or Re hm 69 DY bes et 


7|79948 
7|80017 
6} O85 
7} +154 


7; 190 


7| 260 
7| 330 
7} 400 
7 
7 


6|81043 


TABLE 32. 
Logarithms of Numbers. 


7| 197 
71 267 
71} 337 
7| 407 
7} 477 
7179546 


616 
685 
754 
824 
893 


6|80030 


7180983 
7181050 
6| 117 
6| 184 
6| 251 


7] 484 
779553 


623 
692 
761 

717 831 
7 900 
1179969 
80037 
106 

7. 26175 
71 243 


7180990 
7181057 
7 «6124 


77 258 


7|78930 
7179000 
7| O71 
7) #141 
7} 211 


7177866 

7177938] 7177945 
71\78010| 778017 
7} 082) 7) O89 
7) #15417] 161 
7} 226) 7| 233 
7} 297| 3] 305 
71 369171 376 
7178440] 7|78447 
s| 512) 7) 619 
7; 583/71 590 
7; 654| 7) 661 
7; 725|\ 7) 732 
7} 796| 7; 803 
7} 866) 7} 873 
7\78937| 7|78944 


7|79007)| 779014 
7| O78} 7) O85 
71 148) 7) 155 
7 218) 7} 225 


281 
351 


6|79975 
7|80044 
71 #113 
7], 182 
7} 250 


7) 288) 7| 295 


7} 358) 7 


rete fj ees | ee 


7/79989 
7/80058 


OO ee ee eed ee ee | ee | | ee | 


6| O70} 7| O77 


777952 


8 
7 


7/79996 
7\80065 
71 134 
7} 202 
7} 271 


7| 339 
71 407 
71 475 
7180543 
77 611 


71 679 
7| 747 


7} 084 


ec ee 
etme | eee |e | gee | ne | — 


ee ee 


ee oe | 


er 
ee f errr fey | rere | eee, | te | ey | re ey cs fe | rene f cepneens f eenes | — 


OCONMD OVP Ot = Secedncus! 


© ~1o one cote | 


A> Oo Or hm he CODD ot et | Od IAM Or 9 BD NV 


Cr GU he im 69 DO DD et es oO 


Page 210] 


ee nnn niin CE (ee nee 


oes | tee | ee | eee | on, | eee | ee | Cee CT ed 


di 2 jd) 3 


7181305 


681311 
71 378 


4457 


7 
6 6611 
7} 578 
7} 644 
6| 710 
6} 776 
6} 842 
6| 908 


TABLE 32. 


Logarithms of Numbers. 


d & jd) 6 {di 7 |d) 8 |dj 9 


650 , 

dj 4 

7181318) 7181325) 6/81331 
7| 385} 6 391) 7} 398 
6 4 F* 458} 7| 465 
7) 518 525] of 5631 
6 6564 591/27} 598 
71 651 657| 7| 664 
7) 717 723| 7| 730 
7| 783] 71 790! 6 796 
7) 849 856] 6| 862 
7) 915 921) 7| 928 
7(81981) 6181987) 7181994 
6}82046] 7/82053)| 7|82060 


© OO 1D Cn mm 69 09 | 


Do D2 O17 Bm he 09 DO = bot 


7} O99) 6 105) 7| 112 119) 6} 125 
6} 6164) 7) 171) 7) 178i ae 184) 7) 191 
7] 230\ 6) 236) 7| 243i6 249) 7) 256 


6| 295] 7} 302) 6 308 315; 6| 3821 
6} 360) 7} 367) 6 37 380/ 7] 387 
7] 426) 6| 432) 7; 439) 6 445} 7) 452 
7182491) 6/82497) 7/82504) 682510} 7/82517 
7} 556] 6, 562) 7} 569) 6 575) 7) 582 
6| 620) 7} 627| 6 633] 7] 640) 6 646 
6| 685] 7) 692) 6 698) 7] 705) 6 711 
7] 750\ 6 756] 7) 763] 6 769) 7; 776 
6| 814) 7) 821) 6} 827 834| 6} 840 
7| 879\ 6 885) 7/ 892) 6 898) 7| 905 


71 264) 6 270\ 6| 276) 7] 283] 6| 289 
6} 327| 7} 334) 6 340 347| 6| 353 
6| 391} 71 398) 6 40416] 410) 7| 417 
7} 455) 6| 461) 6} 467 474| 6 480 
6/83518) 7/83525) 683531] 683537] 7|/83544 
7} 582) 6 588) 6 594 601| 6| 607 
6| 645) 6} 651} 7) 658 664! 6| 670 
6| 708i 7] 715) 6) 721le 727\ 7) 734 
6} 6771) 7; 778i 6 7846 790) 7} 797 
71 835] 6 841) 6 847] 6 853) 7|/ 860 


eee ened (Oy ee ee eee ee teen |, | etme fc | etme | eens | ee | mn 


6} 21)3/ 6) 21716 223 230] 6| 236 
6} 273} 7} 280) 6; 286) 6 292) 6) 298 
6} 336) 6} 342!) 6| 348) 6 354! 7} 361 
6| 398) 6 404! 6 410 417} 6) 423 
6| 460) 6 466!) 7| 473) 6 479] 6| 485 


SNe nN eee nT ee ee 


6|84522) 6/84528) 7/84535] 6/84541! 684547 


ee ee ee eee eee Ce Oe ee ee 


2 3 4 5 6 


ro) 


© GO “3 Ori G DO Pt | 
OV GU hm ohm 69 BS NG et 


TABLE 32. 
Logarithms of Numbers 


ed Ce ne ee eee 


7\84535) 684541 


7| 5971 e 603 
6} 6581 71 665 
6| 720i 6 726 
6| 782)6 788 


7} 844) 6 850 
6| 905ie 911 
7184967) 684973 
6185028) 6/85034 
089] ef 095 


(=) 


Ti fe |, | Ee |e, | |, | ee | | ef oy, | en | oo, | ee Bo, fl eee |, | eee | | 


6| 150i6 156 
6 6c211lle 217 
6| 272) 6 278 
6| 333] 6 339 
6| 394) 6 400 


6| 45516 461 
7185516} 685522 
5761 6 582 
637} 6 643 
69716 703 


7571 6 «6763 
818] 6 824 
878] 6 884 
938} 685944 
6/85998! 686004 


6|86058)] 6 064 


6} 118} 6) 124 
6| l177ie 183 
6| 23716 243 
6| 297) 6 303 


6| 35616 362 
8| 6 64151e 421 
6|86475) 6/86481 
6| 53416 540 
6| 69316 599 


6} 65216 658 
6| V7ille 717 
6| 770i 6 776 
6| 82916 835 
6| 88816 894 


6|86947| 686953 
6|87005] 687011 
6} 06416 070 
6| 122)}e 128 
6 6181} a 6186 


6| 2391 ae 245 
6| 29716 303 
6| 355) 6 361 
5| 41316 419 
§| 471 477 


6|87558 
9 


6186976) ¢ 


750 187506 6 ‘5 6(87529) 6187535] 687541] 6(87547| 587552| 687558) 6 
No. 0 4 5 


CO CONS Crm COD 


SOON Wh 


Or Or mm He G9 G9 NO BD et 


Page 212] TABLE 32. 
Logarithms of Numbers. 


d} 2 idj 3 |d) 4 {fd} & jdj 6 |[d| 7 |d| 8 |dj 9 Id] Prop. Parts 
5|87523 687558) 6 6 
5) 581 6| 616) 6 —— 
6| 639 6| 674) 5) 1 1 
6| 697 5} T3liel 2 I 
5| 754 6| 789\ 61 3 2 

4 2 
6} 812 5| 846) 6 5 3 
5} 869 6} 904/61 6 4 
6} 927 6/87961| 6| 7 4 
6|87984 5/88018] 6| 8 5 
588041 6| O76] 51 9 5 
5} 098 6; 133] 5 
6} 156 6| 190) 5 
6| 213 6| 247) 5 
6| 270 6| 3804) 5 
5| 326 5} 3860] 6 
6| 383 5} 417] 6 
6| 440 474) 6 
6|88497 5/88530] 6 
6} 553 6| 58716 
6| 610 5| 643] 6 
6} 666 6} 700] 5 
5| 722 6| 756! 6 
6| 779 5} 812) 6 
6} 835 5} 868! 6 
6} 891 6| 925) 5 
6|88947 6|8898 1) 5 
6189003 6|89037| 5 
6} 059 5| 092! 6 
6| 115 5} 148) 6 
5| 170 6| 204) 5 
5} 226 6| 260) 5 
6| 282 5} 315] 6 
5| 337 6| 371) 5 
6| 393 5| 426] 6 
5| 448 5|89481]) 6 
6189504 6| 537] 5 
6| 559 6} 592) 5 
5| 614 5| 647] 6 
5} 669 5| 702) 6 
5| 724 5} 757/6 
5} 779 5} 812) 6 
5| 834 5| 867] 6 5 
6} 889 6| 922) 5 
6| 944 6|89977| 5} 1 1 
5189998 5|90031] 6 4 , 
5190053 6| O86] 5} 4 | 2 
6| 108 5} 140\6) 5} 3 
5} 162 6| 195) 5} 6| 3 
6| 217 5} 249/64 7 | 4 
5} 271 6 30415] 8 | 4 
Sa ih a a ee eee Oe Oh 
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dl 2 lal 3 lal 4 lal s Jal 6 lal 7 lal 8 lal 9 JalProo. Parts 
“5192952! 5 v 6192973] 3/92978| 5/92983] s\92988) ¢ 
5193003 6193024] 5193029] 3193034] 593039] « 


5} 054 6| O75) 5| O80) 5} O85! 5} O90) a 1 1 
5| 105 5} 125)6| 131) 5 1386) 5) 141i 2 1 
5} 156 5} 176/56} 181} 3} 186) 6) 192 3 2 
4 2 
8| 207 6| 227] 8| 232) 5| 237) 5| 242 5 3 
258 5} 278! 5| 283) 6| 288) 6) 293 6 4 
&193308 5|93328)} 6|/93334] 5/93339)| 5193344 7 4 
5| 359 5| 379) 5| 384/ 5] 389] 5} 394 8 5 
5} 409 5| 430] 5} 435) 5} 440 5| 445) 5 9g 5 
6| 460 8| 480) 5} 485) 5} 490] 8} 495 
5} 510 5} 531) 5} 536) 6, 541) 5) 546 
6} 561 5| 581] 5} 586) 5| 591) 5| 596 
5} 611 5| 631) 5| 636) 56| 641] 5) 64 
593661 693682! 5|93687) 5|93692| 593697 
5| 712 5} 732|5| 737) 5| 742) 5| 747 
5| 762 &| 782) 6| 787) 8| 792] 5} 797 
5} 812 5} 832) 6| 837) 5| 842) 5) 847 
5} 862 5} 882) 5| 887] 5| 892) 5} 897 
5| 912 &| 932! 5| 937) 8| 942! 5) 947 
5193962 5193982} 5|93987) 5|93992| 593997 5 
594012 5194032) 5|94037| 5|94042/ 5|94047| 5_ 
5} 062 5| O82) 4) O86) 6} O91} 5) O96) a 1 1 
5| 6111 5| 131) 5 136) 5 141) 6) 146)8 9g 1 
5} 161 6&| 181) 5| 186/565) 191) 5) 196/58 3 2 
4 2 
8} 211 5} 231) 5| 236) 4) 240) 5} 245 5 3 
5| 260 5} 280] 5) 285) 5| 290) 5} 295 6| 3 
5| 310 5} 330) 6} 335) 5} 340) 5| 3845) 4) 7 4 
5| 359 5} 379) 5| 384) 5) 3889/5) 3904/5] g] «4 
5} 409 5| 429) 4; 433) 5) 438] 5} 443 9 5 
eee |S a i eo bolo inl clo ee or 5 
5194458 8194478] 8/94483] 5|94488)] 5194493 
4} 6507 5} 527) 5| 632) 5| 5637/5) 542 
6| 557 5| 676) 5} 581) 5} 586) 5 591] 5 
5} 606 5} 626) 41 630) 5} 635) 5} 640 
5| 655 5} 675) 5| 680) 5| 685) 4) 689 
5| 704 5| 724] 5) 729) 5! 734! 4) 738 
8| 753 5| 773) 5| 778) 5| 783) 4| 787] 5 
5| 802 5| 822) 5| 827} 5| 832) 4| 836 
5} 85] 5} 871) 5| 876) 4! 880' 5} 885 
5| 900 4} 919} 5} 924! 5} 929) 5| 934 
Br 42949 8194968) 5|/94973)| 594978) 5|94983}) s 
8194998 6|95017) 5|95022| 5|95027| 595032 4 
5|95046 5| O66] 5} O71) 4) O75} 5} O80] s—— 
68} 095 5} 114) 5) 119) 5) 124} 5) 129! 1 0 
44 143 5} 163] 5} 168) 5 1173/4) 177): ; : 
5} 192 4} 211] 5} 216] 8) 221] 5) 226 4 2 
4| 240 5} 260) 5| 265) 5) 270) 4) 274 5 2 
5] 289 5} 308) 5} 313) 5} 318) 5} 323 6 2 
5| 337 5} 3357/4) 361) 5| 366) 5) 371 7 3 
5| 386 5} 405) 5} 410) 5) 41514) 419 : 
5195434 595453] 5/95458] 5|95463) 595468 10 4 
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5/95429| 51954341 5|/95439] 5195444] 41954481 598453 5\96468] 4 5 
&| 477) s| 482) 6) 487} 5} 4921581 497] 4) 501 516) 5 
4| 625] 5) 5380) 6 53515] 540] 6] 545) 5} 550 564] 5 
5| 574/41 878! 5| 583] 51 588|5| 59315 598 612} 5s, 1 | 2 
5| 622] 4| 626] 5| 631| 5] 636/5| 641] 5| 646 660| 5 : : 
595670] 4/95674| 5/95679| 595684] 5195689) 5|95694 6957081 5 4| 2 
s| 718\4| 722\ 61 727|5| 732\s5| 737) 5| 742 756| 5, O&| 3 
s| 766| 4) 770|8| 775\s| 780)}5| 785|4! 789 g04| 5} 8 | 3 
44 813] 5| 818] 5! 82315) S28]41 832] 5| 837 g52i41 2 | 4 
| 861] 5| 866\ 6] 871] 4| 875) 6) S880] 5) 885 8991 5 ; 
s| 909| 5} 914] 4| 918] 5) 923) 51 928) 5] 933 947| 5, 10) 5 
595957) 4195961] 5\95966| 595971) 5|95976] 4195980 595995} 4 
5{96004| 5|96009] 5196014) 596019} 4196023] 596028 4196042 5 
5} O52! 5| O57] 4) O61) 5| O66] 5) O71] 56) O76 090) 5 
4| O99] 5} 104) 5] 109} 5) 114141 1118/5] 123 137] 5 
s| 147} 5| 152| 41 156] 5} 161)5{ 166]}6| 171 185] 5 
4| 194] 5} 199] 5] 204] 5| 209]4) 213/56] 218 2321 5 
6| 242) 4) 246) 5] 251] 5| 256) 51 261) 4! : 265 280} 4 
5) 289! 5| 294! 4 298] 5] 303/15] 308/51 313 327| 5 
4|96336| 5|96341| 5196346) 4196350] 5196355] 5196360 96374| 5 
5| 38414) 388] 6 39315] 30814) 402] 5) 407 421 5 
&| 431) 4) 435) 5) 440] 6| 445151 450) 4) 454 468! 5 
5| 478] 5| 483] 41 4871 5/ 492[s] 497]4| 501 515| 5 
5) 525] 8} 530/41 534] 5] 539] 6] 54414] 548 562i 5 
5| 572\ 5} 577141 581i 5] 586)5] 59114] 595 609] 5 
619] 5| 624] 4196628} 5\96633] 5/96638] 4196642 4|96656) 5 
596666] 4196670] 5| 675] 5| 680|5) 685] 4| 689 703| 5 
6| 713) 4 5} 722) 5| 72714) 731\51 736 7501 6 
4) 759) 5| 76415} 769) 5) 77414) 778] 5) 783 797| 5 
4) 806) 5} 811) 5} 816) 4) 820] 5] 825] 6| 830 844] 4 
5} 853) 5) 858] 4) S862] 5] 867151 872) 4) 876 890] 5 
5} 900) 4 904] 5} 909) 5} 914) 4) 918) 5) 923 937| 6 
41 946] | 951) 5196956) 4196960] 5/96965] 5|96970 596984] 4 
896993] 4196997] 5|97002| 5197007] 419701 1| 597016 597030) 5 
4|97039)| 597044] 5} 049) 4] O531 51 O58} 5} 063 077| 4 
5| O86) 4; O90) 5} O95) 5} lOOl4| 104] 56} 109 123) 5 
al 132] 6} 137151 142] 4] 14615] 151)4| 155 169] 5 
5| 179| 41 183] 5| 188) 4] 192161 19715] 202 216) 4 
s| 225! 5] 23014] 234] 5] 2390/4] 243] 5] 248 262\ 5 
4| 2711 5| 276/41 280| 6 285] 6] 29014] 294 308] 5 
4) 317) 8) 322) 5| 327) 4) 331] 5] 336) 4! 340 354] 5 
5} 364] 4| 368|5| 373/41 377161 38215] 387 400} 6 
597410] 4197414] 597419] 6197424] 4197428] 5197433 5974471 41 1 | 9 
5| 456) 4) 460] 5} 465) 5) 470/4) 474) 5) 479 493) 4) 9] 3 
5| 5502/4; 506] 5} 511) 5} 51604) 520) 5} 625 639) 4 3 1 
5| 548] 4] 552] 5] 557|s| 56214) 566] 5! 571 585| 4 ; 5 
5| 594/41 59815] 603] 4} 607]5| 612] 5] 617 630| 5} 6 | 9 
5| 640\ 4] 64415] 649] 41 65315] 658] 5} 663 676) 5| 7] 3 
4| 685! 5| 690! 5} 695| 4] 69915] 704/ 4] 708 722| 51 g | 3 
4) 731) 5| 736) 4) 740) 5} 745) 4) 749) 5| 754 597768] 41 g | 4 
3197777] 81977821 41977861 51977911 4197795] 5197800 97813| | 1° | 4 
1 2 3 A 5 6 9 


Page 216] TABLE 32. 
Logarithms of Numbers. 
0 Id} Il isdj 2 jdj 3 
97772| 197777| 5|97782| 4|97786 51978001 497804 
818] 5| 823) 4) 827) 5| 832 4| 845) 5} 850 
864| 4| 868] 5) 873) 41 877 5} 891) 5) 896 
909] 5} 914) 4) 918) 5) 923 5§| 93714) 941 
97955| 4|97959 5|97964 4|97968 497982) 5197987 
98000} 5|/98005; 498009] 5|/98014 5|98028) 4198032 
046] 4 O50] 5} 055} 4) 059 5} 073) 5| O78 
091) 5} O96) 4; 100) 5} 105 44 118} 5) 123 
137} 44 141] 5| 146) 4) 150 8| 164) 4) 168 
182) 4 186) 5} 1191/4) 195 5| 209) 5) 214 
227| 5| 232/41 236) 5| 241 4| 254] 5} 259 
272! 5| 277) 4) 281) 5| 286 4) 299) 5! 304 
98318) 498322] 598327) 4/98331 5|98345] 4198349 
363) 44 367/ 5| 372) 4) 37 5} 390] 4) 394 
408] 4 412) 5) 417) 4 421 6| 43514) 439 
453/ 4| 457] 56| 462! 4| 466 5| 480) 4) 484 
498] 4 502) 5| 507) 4) 511 8} 52514) 529 
543] 4| 547) 5| 55214) 556 68} 570|4| 574 
588] 4) 692] 5| 597) 4) 601 4) 614/56; 61 
632| 5} 637! 4| 641] 598646 498659! 5|98664 
98677| 5|98682/ 4|/98686| 5} 691 4) 704) s8| 709 
722| 44 726) 5| 731) 4) 735 5} 74914) 753 
767| 4, 771\5| 77614! 780 4| 793/85} 798 
811] 5} 816) 4) 820] 5) 825 4; 838] 5) 843 
856| 4 860} 5| 865) 4; 869 5| 883) 4] 887 
900] 5} 905} 4; 909) 5, 914 4) 92 93 
945} 4} 94 954! 4198958 5/98972| 498976 
98989} 5|/98994/ 4/98998/ 5|/99003 4\99016/ 5:99021 
99034) 4/99038) 5/99043] 4| 047 5| O61] 4 06 
078) 5} O83] 41 O87} 5| 092 &| 105/41 109 
123| 4 127/41 131| 51 136 «| 14915] 154] 4 
167| 44 171) 5| 176) 4! 180 4| 193} 5] 198 
211| 5} 216) 4| 220) 4) 224 5| 238) 4| 242 
255) 5} 260! 4| 264/ 5| 269 6| 282!) 4) 286 
300] 4 304) 4) 308) 5/99313 499326] 499330 
99344] 4/99348] 4199352] 5} 357 4) 370| 4) 374 
388| 4, 392) 4; 396) 5) 401 4| 414] 5} 419 
432) 44 43615} 441] 4) 445 4, 458) 5| 463 
476) 41 480) 44 484] 5) 489 44 502! 4| 506 
520| 4 524) 4) 528! 5| 533 44 54614! 550 
564| 4 568\ 4, 57215] 577\ 4 s| 5901 4 594) 5 
607] 5} 612) 4) 616 621 §| 63414) 63 
99651! 5199656! 499660] 499664 4199677] 599682 
695] 4. 699] 5} 704) 4! 708 41 721158} 726 
739| 41 743\ 4) 747/ 5) 752 5| 765) 4! 769 
782! 5| 787\ 4) 791) 41 795 41 808} 5; 813 
826] 4, 830] 5} 835) 4) 839 4) 852! 4) 856 
870] 4) 87414) 878] 5} 883 5} 896) 4) 900 
913] 4) 917) 5) 922] 41 926) 4 4) 939] 5) 944 
99957) 499961) 4/99965| 5/99970 5|99983) 499987 
00000! 400004! slo0009| 4|00013 4100026] 4|00030) 5 
0 1 ||] 2 3 |e@edi@a{- 


5/97809) 4/97813 


&| 855] 4 
4| 900l 5 
5| 946) 4 


859 
905 
950 


4|97991) 597996 
5/98037) 4/9804 1 


4, O82/ 5 
4| 127] 5 
8| 173] 4 
4| 218] 5 


4| 948 
4199991 


5/00035 
8 


087 
132 
177 
223 


313 


COO TR Crh WO 


a" 


DO © 00 AD Or pf 69 0D = 


—" 


yd| 4 id} & {dj 6 jdi 7 |dj 8 |d| 9 [dd] Prop. Par 


Crm » GOON DS ee 


ie 


im hm 69 G9 DS AO DO et © 


~ 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


7.06579 


16270 
24188 
30882 
36682 
41797 


7. 46373 


50512 


ce, off (ese eee aol ieee 


eee eee f oe | eee of ee | eee 


8. 06578 
07650 


08696 . 


09718 
10717 


Ee SN ee ene Ge 


8. 11693 
12647 
13581 
14495 
15391 


Pens | ER f OR ts ff A fe 


8. 16268 
17128 
17971 
18798 
19610 


8. 20407 


21189 
21958 
22713 
23456 
8. 24186 


rr rc i rm ere fcc fr eee 


cmc fr tert fh me ee |) 


Logarithms of Trigonometric Functions. 


csc 


Infinite. 


13. 53627 

23524 
13. 05915 
12. 93421 


12. 36018 


12, 23525 


21406 
19385 
17455 
15607 


12. 13834 


12. 05916 


11. 93422 


11. 88307 


11. 83732 


11. 79593 


76544 


11. 75814 


sec 


Inf. neg. 


TABLE 33. 


tan 


6. 46373 

76476 
6. 94085 
7.06579 


cot 


Infinite. 
13. 53627 
23524 
18. 05915 
12. 93421 
83730 
75812 
69118 
63318 
58203 
12. 53627 
88 


12. 36018 


12. 23524 


12129 


12. 05914 
04490 


03111 
01775 
12. 00478 


11. 99219 
97996 
96806 
95647 
94519 


11. 93419 
92347 
91300 
90278 
89280 

11. 88304 
87349 
86415 
85500 
84605 


11. 83727 


82867 
82024 
81196 
80384 
11. 79587 
78805 
78036 
77280 
76538 


11. 75808 


a" 
ce] 


>» sin 


| 00-3 er! Pm Oon Ol] “ES 


7190 


81 


sec 


11. 47566 


11. 45718 
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tan 


8. 24192 
4910 


8 54308 


cot 


Sep ee | ee 


cot 


11. 75808 
5090 


11. 66114 
5539 


4971 
4410 
3857 


11. 63311 
2 


6768 
11. 56304 


5844 
5389 


11. 47541 
7165 


6792 
6422 


6055 
11. 45692 
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TABLE 33. [Page 219 
Logarithms of Trigonometric Functions. 
° ° ° 
ss > sin Diff.1’. csc tan Diff.1’. cot sec cos < 177 
, ; 
0 | 8.54282 360 | 11,45718 | 8. 54308 361 | 11. 45692 | 10. 00026 9. 99974 60 
1 4642 357 5358 4669 358 5331 027 973 59 
2 4999 355 5001 5027 355 4973 027 973 58 
3 5354 351 4646 5382 352 4618 028 972 57 
4 5705 349 4295 5734 349 4266 028 972 56 
5 6054 346 3946 6083 346 3917 029 971 55 
6 6400 343 3600 6429 344 3571 029 971 54 
7 6743 341 3257 6773 341 3227 030 970 53 
8 | 8 57084 337 | 11. 42916 | 8 57114 338 | 11. 42886 030 970 52 
9 7421 336 2579 7452 336 2548 031 969 51 
7757 332 2243 7788 333 2212 | 10. 00031 9. 99969 50 
8089 330 1911 8121 330 1879 032 968 49 
8419 328 1581 8451 328 1549 032 968 48 
8747 325 1253 8779 326 1221 033 967 47 
9072 323 0928 9105 323 0895 033 967 46 
9395 320 0605 9428 321 0572 033 967 45 
8. 59715 318 | 11. 40285 | 8.59749 319 | 11. 40251 034 966 44 
8. 60033 316 | 11. 39967 | 8. 60068 316 | 11. 39932 034 966 43 
0349 313 9651 0384 314 9616 035 965 42 
0662 311 9338 0698 311 9302 036 964 41 
0973 309 9027 1009 310 8991 | 10. 00036 9. 99964 40 
1282 307 8718 1319 307 8681 037 963 39 
1589 305 8411 1626 305 8374 037 963 38 
1894 302 8106 1931 303 8069 038 962 37 
2196 301 7804 2234 301 7766 038 962 | 36 
2497 298 7503 2535 299 7465 039 961 | 35 
8. 62795 296 | 11. 37205 | 8 62834 297 | 11. 37166 039 961 | 34 
3091 294 6909 3131 295 6869 040 960 | 33 
3385 293 6615 3426 292 6574 040 960 | 32 
3678 290 6322 3718 291 6282 041 959 31 
3968 288 6032 4009 289 5991 | 10. 00041 9. 99959 30 
4256 287 5744 4298 287 5702 042 958 29 
4543 284 5457 4585 285 5415 042 958 28 
4827 283 5173 4870 284 5130 043 957 27 
5110 281 4890 5154 281 4846 044 956 | 26 
8. 65391 279 | 11. 34609 | 8& 65435 280 | 11. 34565 044 956 | 25 
5670 oid 4330 5715 278 4285 045 955 24 
5947 276 4053 5993 276 4007 045 955 23 
6223 274 Sit 6269 274 3731 046 954 22 
6497 212 3503 6543 273 3457 046 954 21 
6769 270 3231 6816 yf 3184 | 10. 00047 9. 99953 20 
7039 269 2961 7087 269 2913 048 952 19 
7308 267 2692 7356 268 2644 048 952 18 
7575 266 2425 7624 266 2376 049 951] 17 
7841 263 2159 7890 | _264 2110 049 951] 16 
8. 68104 263 | 11. 31896 | 8 68154 263 | 11. 31846 050 950 | 15 
8367 260 1633 8417 261 1583 051 949 14 
8627 259 1373 8678 260 1322 051 949 13 
8886 258 1114 8938 258 1062 052 948 12 
9144 256 0856 9196 257 0804 052 | 948 11 
9400 254 0600 9453 255 0547 | 10.00053 | 9.99947 | 10 
9654 253 0346 9708 254 0292 054 946 9 
8. 69907 252 | 11. 30093 | 8. 69962 252 | 11. 30038 054 946 8 
8. 70159 250 | 11. 29841 | 8.70214 251 | 11. 29786 055 945 7 
0409 249 9591 0465 249 9535 | _ 056 944 6 
0658 247 9342 0714 248 9286 056 944 5 
0905 246 9095 0962 246 9038 057 943 4 
1151 244 8849 1208 245 8792 058 942 3 
1395 243 8605 1453 244 8547 058 942 2 
1638 242 8362 1697 243 8303 059 941 1 
8. 71880 240 | 11. 28120 | 8.71940 241 | 11. 28060 | 10.00060 | 9.99940 0 
‘ Diff.1’ t 
92° cos sec cot tan csc sin «7° 
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- 


35 sin Diff. 1’. csc tan Diff. 1’. cot sec 


eae |__| ( d 


8. 71880 240) 11.28120} 8.71940 241; 11. 28060; 10. 00060 
8 72120 239; 11. 27880} 8 72181 239) 11. 27819 060 


11. 


: 105 
60 8. 84358 181} 11. 15642) 8. 84464 182} 11. 15536] 10. 00106 


93° cos "| gee cot '"") tan csc 


TABLE 33. 


Logarithms of Trigonometric Functions. 


4°. sin 


5 Di, 1'| fan pie. 1. 
ta 

0 181 | 11. 15642 | 8. 84464 182 
1 179 461 646 180 
2 179 282 | 8. 84826 180 
3 178 | 11. 15103 | 8 85006 179 
4 177 | 11. 14925 185 178 
5 177 ‘748 363 177 
6 176 571 540 177 
7 175 395 717 176 
8 175 220 | 8. 85893 176 
9 173 | 11. 14045 | 8 86069 174 
10 8. 86128 173 | 11. 13872 243 174 
11 301 173 699 417 174 
12 474 171 526 591 172 
13 645 171 355 763 172 
14 816 171 184 | 8. 86935 171 
15 | 8& 88987 169 | 11. 13013 | 8 87106 171 
16 8. 87156 169 | 11. 12844 277 170 
17 325 169 675 447 169 
18 494 167 506 616 169 
19 661 168 339 785 168 
20 166 171 | 8 87953 167 
21 166 | 11. 12005 | 8& 88120 167 
22 165 | 11. 11839 287 166 
23 164 674 453 165 
24 164 510 618 165 
25 163 346 783 165 
26 163 183 | 8. 88948 163 
27 162 | 11. 11020 |] 8 89111 163 
28 162 | 11. 10858 274 163 
29 160 696 437 161 
30 161 536 598 162 
31 159 375 760 160 
32 159 216 | 8. 89920 160 
33 159 | 11. 10057 | 8 90080 160 
34 158 | 11. 09898 240 159 
35 157 399 158 
36 157 557 158 
37 156 715 157 
38 155 8. 90872 157 
39 155 8. 91029 156 
40 155 185 155 
41 154 340 155 
42 153 495 155 
43 153 650 153 
44 152 803 154 
45 152 8. 91957 153 
46 151 8. 92110 152 
47 151 262 152 
48 150 414 151 
49 150 565 151 
50 149 716 150 
51 149 8. 92866 150 
52 148 | 11. 07141 | 8 93016 149 
53 147 | 11. 06993 165 148 
54 147 846 313 149 
55 147 699 462 147 
56 146 552 609 147 
57 146 406 756 147 
58 145 260 | 8. 93903 146 
59 145 | 11. 06115 | 8 94049 146 
60 | 8. 94030 144 | 11. 05970 | 8. 94195 145 
/ 

t Diff. 1’. Diff. 1’ 
94° cos sec cot 

541524°—43——40 


———— | | 


sec 


10. 00106 


114 
116 


OT YE Sd sO DC—C—C UC  — |] SO | 


123 


ee | SS Se SS ff Sf LL | 


10. 00124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
10. 00134 


eee ee CUE CC 


10. 00144 
145 
146 
147 
148 
149 
150 
152 
153 
154 


10. 00155 


156 


eee ee ——C“E:C‘ E-*W C-——@—————- | -:?:1 M®,?OOE OO CFC—CO 


164 
10. 00166 


csc 


851 


9. 99845 


886 


875 


9. 99856 
855 
854 
853 
852 


850 
848 
847 
846 
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csc tan 
'’ Diff 
O 0j11. 05970) 8. 94195 0 
1 2 826 340 4 
2 4 68 485 3 
3 7 539 630 0 
4 9 397 773 0 
6 ll 254] 8.94917 0 
6 13/11. 05113] 8. 95060 0 
7 15)11. 04971 202 0 
8 18 830 344 0 
9 20 690 4386 0 
10 22 550 627 0 
11 24 411 767 0 
12 26 272] 8. 95908 0 
18 29/11. 04133] 8. 96047 0 
14 31/11. 03995 187 0 
16 33, 857 325 0 
16 35 720 464 0 
17 37 583 602 
18 39 447 739 0 
19 42 311] 8. 96877 0 
20 44 175] 8. 97013 
21 46/11. 03040 150 
22 48/11. 02905 285 0 
23 50 771 421 0 
24 53 637 556 0 
26 55 504 691 1 
26 87 371 825 1 
27 659 238] 8. 97959 1 
28 61/11. 02106] 8. 98092 1 
29 64/11. 01974 225 1 
30 66 =843 358 ] 
31 68 712 490 1 
32 70 581 622 1 
83 72 451 753 1 
34 75 321| 8. 98884 1 
36 77 192] 8.99015 1 
36 79}11. 01063 145 1 
87 81/11. 00934 275 1 
88 83 806 405 ] 
39 86 678 534 1 
40 88 550 662 1 
41 90 423 791 1 
42 92 296] 8. 99919 1 
48 94 170] 9. 00046 1 
44 96/11. 00044 174 1 
46 99/10. 99918 301 1 
46 101 793 427 1 
47 103 668 553 1 
48 105 544 679 1 
49 107| 419 805 1 
60 110 2961 9. G0930 
61 112 172] 9. 01055 
62 114/10. 99049 179 
53 116/10. 98926 303 
54 118 804 427 
66 121 682 550 
56 123 560 673 
67 125 439 796 
58 127 318] 9.01918 
69 129 197] 9.02040 


60 132/10. 98077] 9. 02162 


” Diff. 
sec cot 


6° sin 

4+ 

rf 

0 | 9.01923 

1 | 9.02043 

2 163 

3 283 

4 402 

5 520 

6 639 

7 757 

8 874 

9 | 9.02992 
10 | 9.03109 
11 226 
12 342 
13 458 
14 574 
15 690 
16 805 
17 | 9.03920 
18 | 9. 04034 
19 149 
20 262 
21 376 
22 490 
23 603 
24 715 
25 828 
26 | 9.04940 
27 | 9.05052 
28 164 
29 275 
30 386 
31 497 
32 607 
33 717 
34 827 
35 | 9. 05937 
36 | 9. 06046 
37 155 
38 264 
39 372 
40 481 
41 589 
42 696 
43 804 
44 | 9.06911 
45 | 9.07018 
46 124 
47 231 
48 337 
49 442 
50 542 
51 653 
52 758 
53 863 
54 | 9.07968 
55 | 9.08072 
56 176 
57 280 
58 383 
59 486 
60 | 9.08589 

t 

? 
96° cos 


© Co 82 @ Ay Co % MO 


—a ee | eee | eee ee fee of ee of rr cf ce | ‘ 


15 
17/10. 97008 


54 100110. 92035 
66 102|10. 91928 


cot sec 

” Diff. 
O 0110. 9783810. 00239 
1 2 17 240 
2 4 596 241 
8S 6 475 243 
4 8 355 244 
6 9 234 245 
6 1110.97115 247 
7 13/10. 96995 248 
8 15 876 249 
9 17 758 251 
= 10 19 639}10. 00252 
11° 21 521 253 
12 23 403 255 
& 24 286 256 
14 26 168 258 
16 28/10. 96052 259 
16 30/10. 95935 260 
17 32 819 262 
18 34 703 263 
19 36 587 264 
20 38 472110. 00266 
21 39 357 267 
22 41 242 269 
28 43 127 270 
24 465/10. 9501 272 
25 47/10. 94899 273 
26 49 786 274 
27 «51 672 276 
28 8&3 559 277 
29 54 447 279 
30 56 534]10. 00280 
$1 58 222 282 
$2 60/10. 94110 283 
38 62/10. 93998 284 
173 34 64 887 286 
35 66 776 287 
36 68 665 289 
87 69 555 290 
$8 71 444 292 
89 73 334 293 
40 75 225110. 00295 
41 77 296 
42 79/10. 93006 298 
48 81/10. 92897 299 
44 83 789 301 
46 84 680 302 
46 86 572 304 
47 88 464 305 
48 90 357 307 
49 92 249 308 
50 94 142110. 00310 
51 96/10. 92036 311 
52 98/10. 91929 313 
58 99 823 314 
64 101 717 316 
55 103 611 317 
56 105 505 319 
57 107 400 320 
58 109 295 322 
11 23 
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69 111 190 3 
60 113/10. 91086]10. 00325 


tr Co %@® MO 


eT oe 


Pred pound pram frm pemsh fomch | frome ram fomeh fumed frat | famed fel fend feamdh feed | pant fell umd J ped 


ps ae ce rf | ee 9 ef ee 


" Diff. 


tan 


pnd fend ped ped pet | ed Pe pd et etl ne OI OOQODOOooodo 


ag 


cies 


Co? “om nmwnen 


Page 224] 
7°» si 
& 
a 
0 | 9. 08589 
1 692 
2 795 
3 897 
4 | 9. 08999 
5 | 9. 09101 
6 202 
7 304 
8 405 
9 506 
10 606 
11 707 
12 807 
13 | 9. 09907 
14 | 9. 10006 
15 106 
16 205 
17 304 
18 402 
19 501 
20 599 
21 697 
22 795 
23 893 
24 | 9. 10990 
25 9. 11087 
26 184 
27 281 
28 377 
29 474 
30 570 
31 666 
32 761 
33 857 
84 | 9. 11952 
35 | 9. 12047 
36 142 
87 236 
38 331 
39 425 
40 519 
41 612 
42 706 
43 799 
44 892 
45 9. 12985 
46 | 9. 13078 
47 171 
48 263 
49 355 
50 447 
51 539 
52 630 
53 722 
54 813 
55 904 
56 | 9. 13994 
57 | 9. 14085 
58 175 
59 266 
60 | 9. 14356 


’ Diff. 


© BO NVAD HH CH ™O 


DDD DN OS bet tat eet et et et eet at et pet ret et pet pet | fet pet end peed feet | md peed feet pet fot | ret feed feet et bet | ed ed bt pt et I St OO OILADOOOOCIOCOOCIOOOOSO 


TABLE 33. 
Logarithms of Trigonometric Functions. 
csc tan cot 
” Diff. oe Diff. : 
QO 0/10. 91411] 9. 08914 O 0/10. 91086]10. 00325 
1 2 1 2)10. 90981 326 
2 3 2 3 877 328 
8 5 8 5 773 330 
4 6/110. 91001 4 7 670 331 
5 810. 90899 6 8 566 333 
6 10 6 10 463 334 
7 iil 7 336 
8 13 8 337 
9 14 9 339 
10 16 10 16)10. 90053)]10. 00341 
11 18 11 342 
12 19 12 344 
138 21310. 90093 13 345 
14 22/10. 89994 14 347 
16 24 16 349 
16 26 16 350 
17 27 17 352 
18 29 18 353 
19 30 19 355 
20 32 20 33/10. 89044/10. 00357 
21 34 21 358 
22 35 22 360 
28 37 23 862 
24 38/10. 89010 24 363 
25 40/10. 88913 26 365 
26 42 26 367 
27 43 87 368 
28 45 28 370 
29 46 29 371 
80 48 80 49110. 88057]10. 00373 
81 50 81 375 
32 61 32 376 
38 38 378 
84 64/10. 8804 84 380 
385 56/10 87953 385 382 
86 58 36 383 
87 59 87 385 
88 61 88 387 
89 62 389 388 
40 64 40 65/10. ee 00390 
41 66 4l 392 
42 67 42 393 
48 69 48 395 
___—*892)_ 44 70) 108) 289) 44 72) 7A 397 
45 %2\10. 87015 45 399 
46 74|10. 86922 46 400 
47% 75 47 402 
48 17 48 404 
49 %8 49 405 
50 80 50 146}10. 00407 
61 82 61 409 
62 83 52 411 
53 8&5 53 412 
54 87 54 414 
55 88 56 416 
56 90/10. 86006 56 418 
57 91/10. 85915 57 419 
68 93 58 421 
69 95 59 312 423 
60 96/10. 85644] 9. 14780} 60 98/10. 85220]10. 00425 
” Diff. Diff. 
sec cot csc 


661] 51 


6 
bo”? TSR warm alaaude 


9. 16970 


9. 17055 


871 


193 
273 
353 
9. 19433 


t 
98° cos 


csc 
Mn Diff 
O 0/10. 85644 
1 1 555 
2 3 465 
8 4 376 
4 6 286 
6 7 197 
6 68 109 
7 10/10. 85020 
8 11/10. 84931 
9 183 843 
10 14 755 
11 16 667 
12 17 579 
18 18 492 
14 20 404 
15 21 317 
16 23 230 
17 24 143 
18 25/10. 84056 
19 27/10. 83970 
20 28 884 
21 30 797 
22 31 711 
28 32 626 
24 34 540 
25 35 455 
26 37 369 
27 38 284 
28 39 199 
29 41 114 
8C@ 42/10. 83030 
S1 44/10. 82945 
32 45 861 
83 47 7717 
34 48 693 
30 49 609 
$6 61 526 
87 52 442 
388 54 359 
$9 55 276 
40 56 193 
41 58 110 
48 §&9)10. 82027 
48 61/10. 81945 
44 62 863 
45 63 780 
46 65 698 
47 66 617 
48 68 535 
49 69 453 
60 71 372 
61 72 291 
62 7% 210 
68 75 129 
64 7610. 81048 
65 7810. 80967 
66 79 887 
67 80 807 
08 82 727 
69 83 647 
60 85/10. 80567 
” Diff. 


sec 


TABLE 33. 
Logarithms of Trigonometric Functions. 


9. 14780 


9. 16928 
9. 17016 


9. 19971 


cot 


tan 


cot sec 

’ Diff. 

O 0/10. 85220/10. 00425 
1 1 128 426 
£ 3/10. 85037 428 
3 4110. 84946 430 
4 6 855 432 
6 7 764 434 
66 (9 673 435 
7 10 583 437 
8 12 492 439 
9 18 402 441 
10 14 312/10. 00443 
11 16 2 444 
12 17 133 446 
13 19110. 84044 448 
14 20/10. 83954 450 
16 22) 865 452 
16 23 776 454 
17 25 688 455 
18 26 599 457 
19 27 511 459 
20 29 423/10. 00461 
21 30 335 463 
22 32 247 465 
28 33 159 467 
24 35/10. 83072 468 
25 36310. 82984 470 
26 37 897 472 
27 39 810 474 
28 40 723 476 
29 42 637 478 
30 4 550/10. 00480 
81 45 464 482 
82 46 378 483 
88 48 292 485 
34 49 206 487 
85 50 120 489 
86 52/10. 82035 491 
87 53/10. 81949 493 
88 55 864 495 
89 56 779 497 
40 58 694/10. 00499 
41 59 6 501 
42 61 525 503 
48 62 440 505 
44 63 356 506 
45 65 272 508 
46 66 188 510 
47 68 104 512 
48 69110. 81021 514 
49 71/10. 80937 516 
60 72 854110. 00518 
61 74 771 520 
62 75 688 522 
68 76 605 524 
54 78 522 526 
65 79 439 528 
66 81 357 530 
57 82 275 532 
58 84 193 534 
59 85 111 536 
60 87/10. 80029/10. 00538 
"’ Diff. 


csc 


© Co VD Gi & % MO 


[Page 225 


Page 226] TABLE 33. 
Logarithms of Trigonometric Functions. 


” Di eas ie cos “170 
e 
O O O Oj 9.99462] 60 
1 1 1 O 460} 59 
2 2 2. 0 458] 58 
8 8 8 0 4561 57 
4 4 4 0O 4541 56 
6 6 6 0 452 
6 6 6 0 450 
7 7 7 O 448 
8 8 8 0 446 
9 9 9 O 444 
10 782| 10 10 =O} 9. 994421 50 
11 11 11 O 440} 49 
12 12 1g O 438] 48 
13 18 18 0O 436] 47 
14 14 14 0 434] 46 
16 15 16 ] 432] 45 
16 16 16 429] 44 
17 17 17 1 427} 43 
18 18 18 1 425] 42 
19 19 19 1 423] 41 
20 3} 20 20 =1| 9.99421f 40 
21 £1 21 1 419] 39 
22 22 22 | 41 38 
28 28 2s 415] 37 
24 24 24 1 413] 36 
26 26 Te | 411 
26 26 26 1 409 
27 27 27 ] 407 
28 28 28 1 404 
29 29 98| 29 1 402 
80 80 80 1) 9.99400! 30 
81 31 31 1 398] 29 
32 82 | | 396] 28 
83 88 ss 1 394] 27 
S4 _ 84 $4 1 392] 26 
85 3E 86 1 390 
36 36 86 1 388 
37 87 87 | 385 
388 88 88 | 383 
39 89 89 | 38] 
40 40 40 ~=‘1| 9. 993791 20 
4l 41 4l 1 37 19 
42 42 4@ 1 375] 18 
48 48 48 2 372] 17 
44 44 4h 2 370] 16 
46 45 45 2 368] 15 
46 46 46 2 366] 14 
47 47 47 2 364] 13 
48 48 48 2 362] 12 
49 49 49 2 350 11 
50 50 60 2| 9.90857] 10 
61 61 61 2 355) 9 
52 &2 62 2 3531 8 
53 58 68 2 351 7 
54 54 564 2 3481 6 
66 66 65 2 346) 5 
56 56 66 2 344, 4 
57 57 57 2 342] 3 
58 58 68 2 340 2 
59 59 59 2 337] 1 
60 60 60 2] 9.9933 0 
be ee eee ee ee eye ee COL ee eee eee . 
” Diet ” Diff “pit.| . of 
sin +§( 


TABLE 33. [Page 227 
Logarithms of Trigonometric Functions. 


csc tan cot sec cos «169° 
” Diff "’ Diff. ’ Diff, fs 
a 
0/10. 76033) 9.24632; O 0/10. 75368]/10.00665| 0 0} 9.99335! 60 
1/10. 75961 706} J 1) 294 667; J 0 333] 59 
2 890 779} 8 2 221 669) 2 0O 331} 58 
3 819 863) 8 4 147 672; S$ 0 328] 57 
5 747] 9.24926, 4 5 074 6744 4 O 326] 56 
6 676) 9.25000; 6 6/10. 75000 676, 6 O 324) 55 
7 605 073) 6 710.7492 678} 6 O 322] 54 
8/10. 75534 146, 7 8 681 7 O 319] 53 
9 64 219} 8 8 0 317] 52 
10 393 292) 9 9. 0 315} 51 
ll 323 365} 10 0} 9. 99313) 50 
13 252] 9. 25437) 11 0 310} 49 
14 182 510} 12 0 308] 48 
15 112 582) 18 1 306] 47 
16/10. 75042 655} 14 1 304] 46 
17}10. 74972 727| 16 1 301} 45 
18 902 799} 16 1 299] 44 
19 832 871; 17 ] 297} 43 
20 763] 9. 25943) 18 1 294] 42 
22 693] 9. 26015] 19 1 292} 41 
23 624 086; 20 1} 9. 99290; 40 
24 555 158] 21 1 288] 39 
25/10. 74486 229| 22 1 285; 38 
26 417 301; 28 1 283] 37 
27 372) 24 1 281] 36 
28 279) 9. 264431 26 1 2781 35 
30 210 514] 26 1 276] 34 
31 142 585] 27 1 274] 33 
32 073 655} 28 1 271} 32 
33}10. 74005 726) 29 1 269] 31 
34/10. 73937 797| S80 1} 9. 99267; 30 
35 869 867; 31 1 264] 29 
36 9. 26937| 382 1 262} 28 
38 9.27008; 338 1 260] 27 
39 078} S84 1 257] 26 
40 597 148) 36 1 255] 25 
41}10. 73530 218| 386 1 252| 24 
42 46 288} 37 1 250] +23 
43 395 357; 38 1 248] 22 
44 328 427|__ 39 2 245] 21 
45 261] 9. 27496} 40 2| 9. 99243] 20 
47 194 566} 41 2 241) 19 
48 127 635 2 238] 18 
49/10. 73060 704, 48 2 236] 17 
§0)10. 72993 773| 44 a7 2 233] 16 
51 927 842 2 231] 15 
52 860 911) 46 54 2 229) 14 
53 794] 9.27980) 47 55/10. 72020 774 2 226} 13 
55 727| 9.28049] 48 56/10. 71951 776 2 224) 12 
_ 49 56 661 117| 49 58 88 779 2 221) 11 
57 595 186; 60 59 814110. 00781; 60 2| 9.99219) 10 
58 529 254] 51 60 74€ 783; 61 2 217} 9 
59/10. 72463 323] 52 61 67 786; 62 2 214 8 
60 398 391] 63 62 609 788} 68 2 212) 7 
61 332] 9.28459] 454 63/10. 71541 791} 54 2 209} 6 
63 266 527) 55 65 473 793, 65 2 207] 5 
64 201 595| 46 66 405 796| 66 2 204, 4 
65 136 662; 57 67 338 798) 57 2 202} 3 
66 070 730} 68 68 270 800; 68 2 200; 2 
67|10. 72005 798} 59 69 202 803} 59 2 19 1 
68/10. 71940] 9. 28865| 60 71/10.71135]10.00805| 60 2] 9.99195{ 0 
eh CN be Nl ches eet aR ltd bed heh ch 
Diff. ” Diff. “Dif. |, : 

sec cot tan csc sin «79° 


TABLE 33. 
Logarithms of Trigonometric Functions. 


cos «168° 
+ 


9. 28060| 0 O|10. 71940) 9. 28865| 0 0 9. 99195] 60 
125) 1 1 875] 9.28933, 1 1 192] 59 
1901) 2 2 810} 9.29000] 2 210.710 g 58 
2544 $ 38 746 067| $ 3{10. 70933 8 57 
319} 4 4 681 1344 4 4 86 5 56 

— 384. 5 5 616}. 201|. «5 ~o| 5 55 
448, 6 6 552 2681} 6 6 6 54 

9.28512} 7 7/10. 71488 335) 7 8 7 53 
577, 8 8 423 402) 8 9 8 52 

__ 641) — 98} 859) 468) 10) S532] 828) DCO 51 
705| 10 10 295 50 
769| 11 11 231 49 
833] 12 12 167 48 
896| 13 47 

9. 28960| 14 14/10. 71040 46 

9. 29024| 15  16|10.70976| 866/15 16) 134 45 
087| 16 17 , 06 44 
150| 17 18 850] 9.29998] 17 18/10. 70002 43 
214, 18 19 786 


9. 30064; 18 19/10. 69936 
1 20 87 


277| +19 20 723 

340} 20 21 660 

403} 21 22 597 
9.29466] 22 23/10. 70534 

29} 28 24 

591, 24 25 409 

654 25 26 346 


—— ee | oe OO eee eee eee Oe 


9. 29966; 380 31/10. 70034 
eereae 31 pee rela 


90| 32 3 910 
151; 33 34 849 
213} 34 35 187 
275| 35 36 725 
336) 36 37 664 
398} S87 38 602 

9. 30459) 38 39/10. 69541 
5 39 40 
582} 40 41 418 
643} 41 42 357 
704, 42 43 296 
765} 43 45 235 
826) 44 46 174 
887) 45 47 113 


9.30947; 46 48/10. 69053 
9.31008) 47 49110. 68992 


mem apm a cer mmr cf ce LS ny 


emer ce | ff 


8 61 272 6 
9.31788) 60 62/10. 68212! 9.32747) 60 65/10. 67253/10. 00960 


eS ee ee ee es | 


ad 


t Diff. 
191° cos sec 


TABLE 33. 


Logarithms of Trigonometric Functions. 


12°> sin csc tan cos «167° 
’? Diff. ’D ” Diff 

‘ : 
9.31788} 0 0110. 68212) 9.32747| 0 O 0| 9. 99040] 60 
847, 1 1 153 810) 1 1 O 038] 59 

907} 2 2 093 872| 2 2 0 035} 58 
9.31966] $ 3/10. 68034 933| $ 8 0 032] 57 
9.32025 4 4/10. 67975] 9. 32995| 4 4 0 030] 56 

5 084 «65 = 5 9. 33057| 6 6 0 027| 55 
6 143| 6 6 119] 6 6 60 024] 54 
7 202) 7 7 180| 7 7 0} 9.99022] 53 
8 261| 8 8 242} 8 8 0 019) 52 
9 319) 9 9 303} 9 9 0 016] 51 
10 10 365| 10 10. O 013] 50 

11° 10 426| 11 11.1 O11} 49 

-12 11110, 67505} 9. 33487| 12 12 «1 008} 48 

18 12 548] 13 13 1 005} 47 

14 13 609] 14 41 002] 46 

16 14 670| 16 15. 11 9. 99000] 45 

16 15 731| 16 16 —1| 9. 98997| 44 

17 16 792| 17 17 1 994] 43 

18 17 853| 18 18 1 991] 42 

19 18 913} 19 19 1 989} 41 

20 19|10. 67040] 9. 33974| 20 20.21 986] 40 

21 20/10. 66982] 9. 34034} 27 21 1 983] 39 

22 21 925 095| 22 22 «1 980] 38 

23 22 867 155| 23 231 978] 37 

24 23 810 215} 24 24 _1| 9. 98975] 36 

25. 24 276| 26 25. 1 972| 35 

26 25 695 336| 26 26 1 969] 34 

27 26 638 396| 27 7 a | 967] 33 

28 27 580 456| 28 28 1 964] 32 

29 28 523] 9. 34516} 29 29 #1 961} 31 

30 29/10. 66466 576| 30 30.1 958] 30 

$1 29 409 635| 31 31 1) 9. 98955] 29 

32 30 353 695} 32 32 1 953] 28 

33 31 296 755| 33 83 2 950| 27 

34 32 239 814] 34 84 2 947| 26 

35. 33 182 874| 36 385. 2 944| 25 

36 34 126 933| 36 36 2 941] 24 

87 35 069] 9. 34992) 37 87 2 938] 23 

$8 36/10. 66013] 9. 35051] 38 38 2] 9. 98936] 22 

89 37|10. 65957 111 39 39 2 933] 21 

40 38 900 170| 40 40. 2 930] 20 

41 39 844 229| 41 41 2 927) 19 

40 788 288] 42 42 2 924] 18 

48 Al 732 347| 43 48 2 921] 17 

44 42 676 405| 44 44 2 919] 16 

45. 43 620 464| 45 46 2) 9. 98916] 15 

46 44 564] 9. 35523] 46 462 913] 14 

AY 45 509 581] 47 47 2 910] 13 

48 46/10. 65453 640 48 2 907] 12 

49 47 398 698! 49 49 2 904] 11 

50 48 342 757| 50 60. 2 901} 10 

1 48 287 815| 51 61 2 898] 9 

52 49 231 873| 652 52 2) 9.98896] 8 

63 50 176 931| 53 63 2 893] 7 

54 51 121] 9. 35989] 54 54 8 890} 6 

65. 52 066] 9. 36047] 56 56. 3 887| 5 

66 53|10. 65011 105| 56 56 83 884, 4 

57 54/10. 64956 163| 57 5” 38 8811 3 

68 55 221] 58 68 3 878] 2 

59 56 846 279| 59 69 3 875] 1 

60 ! 9. 35209] 60 57/10. 64791] 9. 36336] 60 60 3] 9 98872! 0 
7 gn Pe ee re a eg ae ge Oe eee SR ¢ 
” Diff ” Diff. ” Diff. t 


10 2° cos cot sin «77° 


EEE eee | ecco eee fl ce — | ee | ec 


Page 280] TABLE 33. 
Logarithms of Trigonometric Functions. 
13° sin tan cot sec cos «166° 
Diff. " Diff ” Diff 
+ : 
9.35209} O 0 9.36336, O 0/10. 63664/10. 01128) 0 0} 9. 98872] 60 
263} Jt 1 3944 I 1] 606 131} J 0 869) 59 
318} 2 2 452} 2 2 548 133} 2 O 8671 58 
373) 3 3 509} 38 3 491 136} S$ O 864] 57 
427 4 4 566 4 4 434 139 4 0 861] 56 
481} 65 4 9. 36624, 6 5/10. 63376 142} 5&5 0O 858] 55 
536 6 65 681 6 6 319 145 6 0 855] 54 
9.35590] 7 6 738} 7 6 262 148} 7 O 852] 53 
644 8 7 795 8 7 205 151 & 0 849] 52 
698 9 8 852 9 8 148 154 9 0 846] 51 
9 


752| 10 909/10 9 091/10. 01157 
806, 11 10 9. 36966] 11 10/10. 63034 160 
860| 12 11 9. 37023| 12 1110. 62977 163 
914] 13 11 080] 18 12 920 166 
9. 35968] 14 12110. 64032 137| 14 18 863 169 
9. 36022| 16 1310. 63978 193| 16 14 807 172 
075| 16 14 250| 16 15 750 175 
129] 17 15 306] 17 16 694 178 
182| 18 16 363) 18 17 637 181 
236| 19 17 419} 19 18 581 184 
— 289/20 18; 9. 37476| 20 19/10. 62524|10. 01187 
342| 21 18 532] 21 468 1 
395] 22 19 588| 22 20 412 193 
449| 23 20 644] 28 21 356 196 
9, 36502| 24 21/10. 63498 700| 24 22 300 199 
555| 26 22 756| 25 23 244 202). 
608] 26 23 812) 26 24 188 205 
660| 27 24 868} 27 25 132 208 
713| 28 25 924, 28 26 076 211 
766| 29 25 9. 37980| 29 2710. 62020 214 
819| 30 26 9. 38035| 30 28/10. 61965|10. 01217 
871| Si 27 091) 31 29 909 220 
924| 32 28 147| 32 30 853 223 
9. 36976, 33 29/10. 63024 202) 33 31 798 226 
9. 37028] 34 30]10. 62972 257| 34 32 743 229 
081/35 31 313| 35 32 687 232 
133| 36 32 368| 36 33 632 235 
185] 37 32 423| 37 34 577 238 
237/ 38 33 479| 38 35 521 241 
289] 39 34 9. 38534| 39 36/10. 61466 244 
341| 40 35 589| 40 37|  411]10.01247| 40 2 
393| 41 36 644, 41 38 356 250] 41 2 
445| 42 37 699] 42 39 301 2544 42 2 
9. 37497| 43 38]10. 62503 754| 43 40 246 257, 43 2 
549| 44 39 808| 44 41 192 2601 44 2 
~ 600] 45 39 ~~ 863} 46 42! 137 263| 46 2 
652| 46 40 918, 46 43 082 266 46 2 
703| 47 41 9. 38972] 47 44/10. 61028 269] 47 2 
755| 48 42 9. 39027} 48 45/10. 60973 272| 48 2 
806| 49 43 082| 49 45 918 275| 49 2 
858| 50 44 136| 50 46 864|10. 01278) 60 3 
909] 61 45 190| 61 47 810 281| 61 3 719| 9 
9. 37960| 52 46|10. 62040 245| 52 48 755 285 52 3 715| 8 
9. 38011| 53 47/10. 61989 299] 63 49 701 288] 68 3 712| 7 
062| 64 47 9. 39353] 54 50/10. 60647 291| 64 3 709] 6 
113| 656 48 407| 65 51 593 294 66 3 706| 5 
164] 66 49 461| 66 52 539 297,| 56 3 703| 4 
215| 57 50 515| 67 53] . 485 300] 57 3 700| 3 
266, 68 51 569| 58 54 431 303} 58 3 697| 2 
317| 59 52 623| 59 55 377 306] 59 3 694, 1 
9. 38368 60 53/10. 61632| 9.39677] 60 56/10. 60323]10. 01310} 60  3| 9.986901 0 
_ 60 __ 53/10. 61632) 9. 39677) 60 _56 10. 01310) 60 3 
¢ Diff. "” Diff. ” Diff : 
103°> cos | cot tan csc sin <7/6° 


TABLE 33. [Page 231 
Logarithms of Trigonometric Functions. 


9. 39677 
2 731 


1 
1 


0. 59948 


9 
43)10. 59032 
44/10. 58984 


ef eet | oe 


O89 G9 Go G9 69 Gol GS Ge G9 Gd Go! 69 Go 69 G9 BO! BO BO BD DO BS! BO DD BDO DS BO] BS BS DD BD DI! BS DPS bet et bd | bet be eet et et | et et et et et | tt tht et | OOO OOOO OCC Oo 


45 937 
46 889 
46 842 
47 795 
48 748 
49|10. 58700 


sec 


TABLE 33. 
Logarithms of Trigonometric Functions. 


10. 7195/10. 01506; 0 
144 509) 1 

094 512; 2 

0. 57043 516, $8 
0. 56993 519] 4 
943 523} 6 

892 526, 6 

842 529) 7 

792 533, 8 

742 536) 9 
692/10. 01540; 10 

543) 11 

592 547| 12 

542 550) 18 
11/10. 56492 553) 14 
442 557, 16 


244 571] 19 
194/10. 01574) 20 
4 21 


701/10. 01609; 30 
652 12 


6 $1 

603 616, 32 

554 619) 33 

28)10. 55505 623) 384 
456 627| 36 

408 630) 36 

359 634| 87 

310 637; 388 

262 641) 389 


06 655) 48 
36/10. 55019 658) 44 
37110. 64971 662; 46 
922 666) 46 


778 676) 49 


633 687! 452 


rm ©9 C9 G9 2 Col G2 G9 Go 69 Gol G9 Go Go 69 Gol Go G9 DO BO DO! 89 89 £9 DO DO! ND BD BO ND BEI BND ND BND Pet ett et fat at] tet set et bt et et et et el et OOO OlO OOOO 


8 
7 
6 
489 698| 56 5 
441 701} 66 4 
394 705} 67 3 
346 709| 68 2 
298 712| 59 288] 1 
49/10. 54250/10. 01716] 60 9.98284] 0 
, 
ad Diff. P ? 

tan csc sin «74° 


TABLE 33. [Page 233 
Logarithms of Trigonometric Functions. | 


16° sin tan cot sec 
" Diff. 
7 
Q | 9. 44034 9.45750; O 
1 078 797, 1 
2 122 845) 2 
3 166 892; 8 
4 210 940} 4 
5 253 9. 45987/ 6 
6 297 9. 46035, 6 
7 | 9 44341 082; 7 
8 385 130; 8 
9 428 177| 9 
10 472 224| 10 
11 516 271| 11 
12 559 319) 12 
13 602 366) 13 
14 646 413| 14 
15 | 9. 44689 460| 16 
16 733 9. 46507| 16 
17 776 554| 17 
18 819 601| 18 
19 862 648} 19 
20 905 694| 20 
21 |. 948 741) 21 
22 | 9. 44992 788| 22 
23 | 9. 45035 835; 238 37 
24 077 881| 24 36 
25 120 928] 25 a 
26 163 9. 46975; 26 
27 9. 47021] 27 
28 249 068) 28 
29 292 114) 29 
30 | 9. 45334 21/10. 54666 160} 30 30 
31 377 ' 623 207; $1 1 29 
253) 32 28 
299} 33 27 
346] 34 26 
392) 36 
438] 36 
484) $7 
9. 47530) 38 
576| 39 
622/ 40 20 
668] 41 19 
714) 428 18 
760; 48 17 
806) 44 16 
852) 45 
8971 46 
943} 47 
9. 47989) 48 
9. 48035] 49 
080) 40 10 
126] 61 9 
171, 52 8 
217; 58 7 
262| 54 6 
307| 56 5 
353} 56 4 
398) 57 3 
443) 68 2 
448 4891 59 46 511 937 1 
9. 48534; 60 46/10. 5146610. 01940 9. 98060] 0 
" Diff. : t . 
cot tan csc sin «73° 


Page 234] TABLE 33. 
Logarithms of Trigonometric Functions. 


cot sec 


9. 46594 0] 0 O O10. 51466110. 01940 0 0 
635 1 1 1.1 421 944 1 0 
676 2 1 2 1 376 948 2 O 
717 8S 2 3S 2 33] 952 S 0 
758 4 3 4 3 286 956 4 0 
800 5 3 56 4 241 960 5 0 
841 6 4 6} 4 196 964 6 O 
882 7 § cr 151110. 01968 7 O 
923 8 5 8 6 106 97] 8 ] 
9.46964, 9 6 9 7 061 975, 9 1 
9.47005} 10 7 10 7110. 51016 979} 10 1 
045} 11 7 11 8/10. 50971 983} 11 ] 
O86} 12 8 12 927 987; 12 1 
127; 13 8) 18 10 882 991; 13 ] 
168) 14 91 14 10 837 995] 14 1 
209; 16 10 16 iil 793119. 01999} 16 1 
249} 16 Ill 16 12 748110. 02003) 16 1 
290} 17 11 17 12 704 007| 17 ] 
9. 47330| 18 12)|10. 52670 18 13 659 011; 28 ] 
371|_ 19 13 19 (14 615 O14] 79 1 
411|' 20 13 20 15 570 O18! 20 1 
452| 21 14 21 15/10. 50526 022; 21 | 
492| 22 15 22 16 481 026; 22 ] 
533) 23 15 23 17 23 2 
573| 24 16 27 24 18 393/10. 02034] 24 2 
613) 26 17 ‘ 25 38 348 O38] 24 2 
9. 47654| 26 17/10. 52346 26 19 304 042] 26 2 
694; 27 18 27 20 260 046] 27 2 
734, 28 19 28 21 216] 050} #8 2 
774, 299 19 __ 29 21 172 054! 29 2 
814, S8O 20) 80 22 128 058} 30 2 
854, 31 21 381 23 084 062| $1 2 
894; S82 21 82 24/10. 50040 066) S82 2 
934, 88 22 33 24110. 4999610. 02070] 83s 2 
9. 47974| S84 23)10. 52026 34 25 952 074| S84 2 
9. 48014; 385 23/10. 51986 85 26 908 O78| 386 2 
054} 86 24 & 26 864 082! 386 2 
094; S87 25 37 27 820 O86] 37 2 
133} 388 25 388 28 777 090} 38 3 
173| 39 26 89 29 733 094] 389 8 
213| 40 27 40 29 689 098) 40 3 
252| 41 27 41 30 645 102| 41 3 
292] 42 28 42 31 602/10. 02106] 42 3 
9. 48332] 49 29)10’ 51668 48 32}; - 558 110; 43° 3 
371] 44 29 44 32)10. 49515 114) 44 3 
411) 45 30 45 33 47) 118 3 
450| 46 31 46 34 428 122} 464 3 
490| 47 381 4? 35 384 126] 47 8 
529} 48 32 48 35 341 130} 48 3 
568, 49 33 49 36 297 134} 49 3 
607| 60 33 60 37 254 139| 40 3 0 
9. 48647) 461 34/10. 51353 : 61 37 211310. 02143) 61 3 9 
686| 62 35 : 62 38 167 147; 62 3 8 
725} 63 35 63 39 124 151] 68 4 Z 
764| 64 36 _ 54 40 081 155| 64 4 6 
803] 65 37 66  40|10. 49038 159| 65 4 5 
842| 66 37 66 41/310. 48995 163! 66 4 4 
881} 87 38 67 42 952 167| 47 4 3 
920; 68 39 68 43 908 171; 68 4 2 
959! 69 39 04 69 43 865 175) 6&9 4 | 
9. 48998 é 60 40/10. 51002 60 44/10. 48822/10. 02179] 60 4 0 
4 4 
t "Wh: "” Diff. ” Diff, ¢ 
107° cos it. sec cot tan csc ae sin «732° 


TABLE 33. [Page 285 
Logarithms of Trigonometric Functions. 
18° sin csc cot sec cos +161° 
” Diff. ” Diff. " Di 
+ t 
( 

0 ; 9.48998} O 0/10. 51002} 9.51178) O 0|10. 48822]10.02179| O O| 9. 97821{ 60 
1 | 9. 49037; 1 1/10. 50963 1 1 779 183} 1 0 817] 59 
2 0765 2 1 924 2 1 736 188} 2 0 812] 58 
3 115) 8 2 885 3S 2 694 192} $3 0O 808] 57 
4 153 4 3 847 4 3 651 196 4 0 8041 56 
5 192} & 8 808 5 3 608 200; & QO 800} 55 
6 231 G 4 769 6 4 565 204, 6 O 796) 54 
7 269, 7 4 731 7 #5 522 208} 7 O 792] 53 
8 308} 8 5 692 8 6 480 212) 8 1 788} 52 
9 347/99 «6 653 9 6 437 216) 9 1 784) 51 
1G | 9.49385) 10 6/10. 50615 10 =710. 48394110. 02221; 10 #1) 9.97779] 50 
ll / 424, 11 7 576 11 8 352 225, Jf 1 775) 49 
12 462} 12 8 538 12 8 309 229} 12 1 7711 48 
13 500; 13 8 500 18 9 266 233) 18 1 767] 47 
14 539| 14 9 461 14 10 224 237| 14 1 763] 46 
15 577, 15 9 423 18 10 181 241 

16 615) 16 10 385 16 11 139 246 

17 654, 17 11 346 17 12 097 250 

18 | 9. 49692} 18 11/10. 50308 18 13 054 254 

19 730| (19 12 270 19 13/10. 48012 258 

20 768| 20 13 232 20 14/10, 47969}10. 02262 

21 806, 21 13 194 21 15 927 266 

22 844, 22 14 156 22 15 885 271 

23 882; 23 14 118 23 16 843 275 

24 920] 24 15 089 24 17 800 279 

25 958| 25 16 042 25 17 758 283 

26 | 9.49996; 26 16/10. 50004 26 18 716 287 

27 | 9.50034; 27 17|10. 49966 27 19]10. 47674 292 

28 072} 28 18 928 28 20 632 296 

29 110} 29 18 890 29 20 590 _ 300 

30 148; 30 19 852 380 21 548}10. 02304 

3 185} 31 20 815 31 22 506 309 

32 223; 82 20 777 32 22 464 313 

33 26); 33 21 739 83 23 422 317 

34 298) 34 21 702 520; 34 24 380 321 

35 | 9. 50336] 35 22/10. 49664] 9.52661) 35 24110. 47339 326 

36 374, 36 23 626 703) 36 25 297 330 

37 411] 37 238 589 745| 87 26 255 334 

38 449| 38 24 551 787| 88 27 213 338 

39 486) 389 25 514 829| 389 27 171 343 

40 523, 40 25 477 870| 40 28 130/10, 02347 

Al 561} 41 26 439 912; 41 29 0838 6351 

42 598| 42 26 402 953} 42 29 047 355 

43 635| 43 27 365] 9. 52995) 43 30/10. 47005 360 

44 | 9.50673; 44 28/10. 49327) 9. 53037| 44 31/10. 46963 364 

45 710; 45 28 290 078) 45 31 922 368 

46 747| 46 29 253 46 32 880 372 

47 784) 47 30 216 47 33 839 377 

48 821; 48 30 179 48 34 798 381 

49 858) 49 31 142 49 34 756 385 

50 896; 60 31 104 60 35 715}10, 02390 

51 933; 41 32 067 61 36 673 394 

52 | 9.50970) 52 33/10. 49030 52 36/10. 46632 398 

53 | 9.51007; 53 33/10. 48293 63 37 591 403 

54 043} 64 34 957 54 38 550 407 

995 080} 45 35 920 565 38 508 411 

56 117; 66 35 883 66 39 467 416 

57 154, 47 36 &46 57 40 426 420 

58 191} 68 37 809 68 41 385 424 

59 227, 659 37 773 69 Al 344 429 

60 | 9.51264) 60 38/10. 48736] 9.53697) 60 42/10. 46303]10. 02433 

, 

t "’ Diff '’ Diff. 


sec cot 


tan 


9. 52027 


634 
9. 52669 


705 


9. 52986 


——_—$——_————————————— 


370 


TABLE 33. 
Logarithms of Trigonometric Functions. 
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| 


40 


a eee SiS CE CC nn i i lS esas _ eS eeeeeeeee-t—“‘=__L 


me OO DDRWE | -rowr————___ 5s > >/ ———erenao—mvmnn SU SE _-SCOCr'd“lPd?=”tiéi‘—“=’*(*C CT DCUC UO OD  ewm—@_[" 


DS ee ee eed 


eee eee eee es  ED_-- ] ~ ——__ — —- - | —--_ > orvV10— 


12/10. 48009 
12}10. 47973 
13 937 
14 901 
___ 185) 24 4) 865) 9. 54673) 24 16/10. 45827) 589) 24 2 
15 829 2 
15 793 2 
16 758 2 
17 722 2 
_29 17) 686) 875) 29 19) 125) G1) 29 489 
18|10. 47650 915} SO 20 085/19. 02565} 30. 2 
18 61 955| 31 21 5 570| 31 2 
19 579] 9.54995} 32 21/10. 45005 5741 32 2 
20 544] 9.55035! 33 22/10. 44965 5791 338 2 
20 508 075| 34 23 925 583| 34 3 
21 473 115| 35 23 885 588| 35. 3 
21 437 155| 36 24 845 592| 36 3 
22 402 195| 37 25 805 597| 37 8 
23 366 235| 38 25 765 601) 38 8 
23/10. 47331 275| 39 26 725 606, 39 38 
24 295 315| 40 27 685}10. 02610) 40 3 
24 260| 9.55355| 41 27/10. 44645 615| 41 8 
25 225 395| 42 28 605 619} 42 8 
26 189 434] 43 29 566 624] 43 38 
26 154 474, 44 29 526 628} 44 8 
27 119 514, 46 30 486 633| 45 3 
27 084 554| 46 31 446 637| 46 8 
28 049 593| 47 31 407 642| 47 8 
29/10. 47014 633) 48 32 36 647| 48 4 
29/10. 46979] 9.55673} 49 33/10. 44327 651} 49 4 ; 
30 944 712| 50 33 2881/10. 02656]. 50 4) 9. 97344] 10 
30 908 752| 61 34 248 660} 61 4 ° 10} 9 
31 874 791| 62 35 209 665| 62 4 335] 8 
32 839 831] 63 35 169 669} 68 4 331] 7 
32 804 870|_ 54 36 130 6741 54 4 326] 6 
33 769 910| 55 37 090 678} 55 4 ) 
33 734 949| 56 37 051 683} 66 4 317| 4 
34 699] 9.55989] 47 38/10. 44011 6881 57 4 312} 3 
34 664] 9.56028] 468 39/10. 43972 692| 58 4 308] 2 
35 630 067| 59 39 933 697| 59 4 303} 1 
36/10. 46595] 9.56107} 60 40|10. 43893]10.02701| 60 4] 9.97299] 0 
7 
” Diff ” Dif. + 
sec cot tan csc sin +«7(° 


Digitized v Google 


TABLE 33. 
Logarithms of Trigonometric Functions. 


20° sin | csc 


sec cos < 0 
8 ’ Diff. ” Diff. Diff. 159 
- t | 
oO 9. 53405). O 0110. 46595) 9. 56107 0/10. 43893/10. 02701; 0 9. 97299| 60 
1 440; 1 1 560 14 1 854 706} 1 204] 59 
2 475| 2 1 1 2 289] 58 
3 509} S$ 2 2 8 285| 57 
4 544 4 3 4 280] 56 
5 578| & 38 5 276| 55 
6 613| 6 8 4 6 2711 54 
7 647, 7 4 4 7 
8 682} 8 5& 5 8 
9 9. 53716) 9 5/10. 46284 6 9 
6 6 502/10. 02748] 10 
6 7 463 752) 11 
7 8 424 12 
7 8 385 18 
8 9 346 14 
8 16 229) 45 


10|10. 43307 
268 


9 10 16 224] 44 
10)10. 46009 1] 17 220} 43 
10/10. 4597 12 18 215} 42 
11 941 12 19 210} 41 
11 20 9. 97206] 40 
12 21 201} 39 
12 28 196} 38 
13 23 192} 37 

24 
26 
26 
27 
—(88B 


72610. 02841) 30 
0 688 846 
21}10. 42649 
21 1 


30 

3110. 42037 

31/10. 41999 
32 
33 
33 885 
34 847 
35 809 
35/10. 41771 
36 733 


37 696 
37 658 


38 620 980 
39}10. 41582]10. 02985 


i) 
bea, 
Or Ot Or be | oe ee a] WD te | 69 69 69 09 00! 69 G9 09 69 69! C9 69 69 DD DO] DDD BD DY NBD BD BD BD DO) Pt bt ft et et | Pt et tt tt et et OOO OOOO 
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410° cos 


541524°—43——41 


bo 
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% 
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TABLE 33. 


Logarithms of Trigonometric Functions. 


eee | ee | ee | rr 0 La 


Hw temo 


eee | cnt ee ee | ee | 


BANANA 


Se ee ee Cd 


ri re me rr 


ce fF eeepc ce ct 


| Ef | Ee | 


ee | en | eee ( comegereeeerenee= 9 cence 


rf cert fl rene | ee 


32 
32/10. 42642] 9. 60641 


SS | or ff en | rae ap 


sec 


cot 


"’ Diff. 


6 3 278 
37/10. 39359/10. 03283 


tan 


cot sec 

” Diff. 

O 0/10. 41582]10. 02985 
1 1] 545 990 
2 1 507 995 
8 2 469/10. 02999 
4 2 431110. 03004 
6 3 394 009 
6 4 356 014 
7 4 319 019 
8 5/10. 41281 024 
9 6 243 029 
10 6 206 034 
11 7 168 038 
12 7 131 043 
13 8 093/10. 03048 
14.69 056 053 
16 =: 910. 41019 058 
16 10/10. 40981 063 
17 10 944 068 
18 11 906 073 
19 12 869 078 
20 12 832 083 
-21 13 795 088 
22 14 757|10. 03093 
23 14 . 097 
24 15 683 102 
26 15)10. 40646 107 
26 16 609 112 
27 #17 571 117 
28 17 534 122 
29 18 497 127 
so 19 460 132 
$1 19 423/10. 03137 
32 20 386 142 
88 20110. 40349 147 
34 21 312 152 
35 22 275 157 
86 22 238 162 
87 23 201 167 
88 23 165 172 
$9 24 128 177 
40 25 “091/10.'03182 
41 25 054 187 
42 26/10. 40017 192 
48 27/10. 39981 197 
44 27 944 202 
46 28 907 207 
46 28 870 212 
47 «29 834 217 
48 30 797 222 
49 30 760 228 
60 31 724110. 03233 
61 31/10. 39687 238 
52 32 651 243 
58 33 614 248 
54 33 578 253 
55 34 541 258 
56 35 505 263 
67 35 468 268 
58 36 432 273 
59 3 95 7 


C 09 %z_D Aw & & ™ O 


Or Out Ot Or Ou he he > Da! ee Be 1 He I HR 9 69 G0! 69 69 69 69 G0! 69 69 09 GO DO! BD BD BO DD DOLD BO BD DD DOI DD bt et et bt tt et Bt sl et et OOO OOOO 


o By 93 oe 
ee mi hatepnesimdet bo bo DD 69 
@ = BO 69 > 61) BD IO CO C/ — bo 68 DO AIO (> - BN Fo hla —) 
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TABLE 33. [Page 239 
Logarithms of Trigonometric Functions. 


esc cot sec cos «157° 
”’ Diff Diff. Diff 1 
t 
O 0110, 42642 O 0|10. 39359]10. 03283} O 0] 9. 96717] 60 
1 ] 611 1 1 323 289 1 0 71ll 59 
2 1 580 2 | 286 294 2 QO 706] 58 
S$ 2 549 $ 2 250 2991 S$ 0O 701| 57 
4 2 518 4 2 214 3044 4 O 696] 56 
5 38 486 56 3 177 309) 5 O 691] 55 
6 3 455 6 4 141 3144 6 1 686] 54 
Y7 4 424 7 +A 105 319} 7 1 681} 53 
8 4 393 8 5 069 3244 8 1 676] 52 
9 5 362 9 5110. 39033 330 9 1 670} 51 
10 ~=/10. 42331 10 ~—‘6/10. 38996]10. 03335} 10 1) 9. 96665! 50 
11 6 300 11 7 960 340| 11 1 660] 49 
12 @66 269 12 7 924 345) 12 1 655} 48 
18 7 238 18 8 888 350; 18 1 650] 47 
14 7 207 14.8 852 355) 14 1 6451 46 
15 8 176 15 #9 816 360} 16 1 640] 45 
16 8 145 16 10 780 366} 16 1 634) 44 
17 9 115 17 10310. 38744 371; 17 1 629] 43 
18 9 084 18 11 708 376} 18 2 624| 42 
19 10 053 19 11} 672 381} 19 2 619] 41 
9. 57978} 20 10/10. 42022 20 12 636/10. 03386} 20 2) 9. 96614] 40 
9. 58008} 2/1 11/10. 41992 21 13 600 392| 21 2 608} 39 
039} 22 11 961 22 13 564 397| 22 2 
23 12 930 23 14 528 402} 23 2 
101} 24 12 899 24 14/10.38492 407| 24 2 
26 13 869 26 «15 456 412} 25 2 
26 13 838 26 15 421 418} 26 2 
27 14 808 27 16 385 423} 27 2 
28 14 777 28 17 349 428} 28 2 
29 15/10. 41747 29 17 313 433} 29 38 
30. 15 716 30 18 278]10. 03438] 30 3 
31 16 686 81 18/10. 38242 4441 S81 3 
32 16 655 32 19 206 449| $2 38 
383 17 625 83 20 170 454, 33 8 
34 17 594 34 20 135 459| 84 3 
36 18 564 35 21 099 465| 85 3 
386 18 533 386 21 064 470| 386 38 
37 19/10. 41503 87 22/10. 38028 475| 37 8 
88 19 473 38 23/10. 37992 480i 88 3 
39 20 443 89 23 957 486} 39 3 
40 20 412 40 24 921110. 03491} 40 3 
41 21 382 41 24 886 496] 41 4 
42 21 352 42 25 850 502} 42 4 
43 22 322 43 26 815 507| 43 4 
44 22 291 44 26 779 512) 44 4 
46 23/10. 41261 46 27|10. 37744 517| 46 4 
46 23 231 46 27 708 523| 46 4 
4Y 24 201 47 28 673 528] 47 4 
48 24 171 48 29 638 5331 48 4 
49 25 141 49 29 602 5391} 49 4 
60 25 111 60 30 567110. 03544 60 4 
61 26 081 51 30 532 549} 61 4 
52 26 051 52 31110. 37496 555| 62 5 
68 27/10. 41021 63 32 461 560| 63 5 
64 27|10. 40991 64 32 426 565| 64 5 
66 28 961 66 33 391 5711 65 5 
56 28 931 56 33 355 576| 66 6& 
67 29 902 57 34 320 581] 67 5 
68 29 872 68 35 285 587| 68 65 
59 30 842 69 35 250 592| 69 5 
60 31)10. 40812 60 36/10. 37215]10. 03597! Go 5 
" Diff ” Diff. ” Diff. 
sec tan csc 


TABLE 33. 
Logarithms of Trigonometric Functions. 


cot 


180 603 

145 608 

110 613 

074 619 

039 624 

10. 37004 630 

10. 36969 635 

934 640 

899 646 

865}10. 03651 

830 657 

795 662 

760 667 

725 673 

690 678 

9/10. 36655 684 

621 689 

586 695 

551 700 

516]10. 03706 

481 711 

447 716 

412 722 

377 727 

"14/10. 36343 733 

26 «15 308 738 

27 «16 274 744 

28 16 239 749 

29 17 204 755 

30 17 170}10. 03760 

$1 18 135 766 

Sse 18 101 771 

S$ 19 066 717 

384 20/10. 36032 782 

85 20/10. 35997 788 

36 963 793 

387 21 928 799 

38 22 894 804 

89 22 860 810 

40 23 825/10. 03815 

41 24 791 821 

42 24 757 826 

48 25/10. 35722 832 

44 25 688 838 

45 26 654 843 

46 26 619 849 

47 27 585 854 

48 28 551 860 

49 28 517 865 

50 483]10. 03871 

51 29)10. 35448 877 

52 414 882 

68 31 380 888 

64 31 346 893 

65 32 312 899 

56 32 278 905 

57 33 244 910 

A 33 210 916 
9 


34 176 921 
GO 35/10. 35142/10. 03927 


Diff. 
tan 


© Co WD Ty} > Co %® ™ O 


GO GO BD DD DIDS DO DG DD DODD DD OS vm bet et et et et et | et et et OHIO OOOO 


Ce | ee eee 


3 

3 234 

3 m 28 

3 27 

3 2181 26 

3 212 

3 20 

3 201 

3 196 

4 190 

4| 9. 96185} 20 

4 179) 19 

4 174, 18 

4 168] 17 

4 162] 16 

4 15 

4 151 

4 146 

4 140 

4 135 

5} & 96129] 10 

5 123} 9 

5 118 8 

5 112} 7 

5 10 6 

5 101} 5 

5 096 4 

5 D9 3 

5 084) 2 

5 079; 1 

6| 9 96073] 0 
¢ 


TABLE 33. 


Logarithms of Trigonometric Functions. 


850 


792 
780 


733 
9. 95728 


24°> sin csc 
Mm Dit. 

4 
/ 

0 | 9.60931 O 0/10. 39069 0 O 
1 960 1 0 040 1 0 
2 | 9.60988) 2  1/10.39012 2 0 
3 | 9.61016) 3 1/10. 38984 g © 
4] 045} 4 2 955 = 
5 073 a 927 56 0 
6 101| 6 8 899 | 
7 129} 7 8 871 - J 
~ 158} 8 4 842 = 3 
9 186 9 4 814 9 1 

214, 10 5 786 1 
242| 11 5 758 1 
9.61270) 12 #6/10. 38730 1 
2981 18 6 702 1 
326) 14 6 674 1 

15 354, 15 7 646 1 

16 382} 16 7 618 2 

17 441) .17 -& 589 2 

18 438} 18 8 562 2 

19 466} 19 9 534 2 

494 20 9 506 2 
9. 61522} 21 10/10. 38478 2 
550} 22 10 450 2 
578] 23 11 422 2 
606, 24 11 394 2 

25 634] 25 12 366 2 

26 662) 26 12 338 2 

27 689} 27 12 311 3 

28 717|. 28: 13 283 3 

29 | 9.61745) 29 13/10. 38255 3 

30 773| 30 14 227 3 

31 800} 31 14 200 3 

32 828) 32 15 172 3 

33 856} 33 15 144 3 

34 883] 34 16] (117 3 

911; 385 16 089 3 

36 939| 36 17 061 3 

37 966) S87 17 034 4 

38 | 9.61994) 38 18/10. 38006 4 

39 | 9.62021) 39 18/10. 37979 4 

40 049} 40 18 951 4 

41 076} 41 19 924 4 

42 104; 42 19 896 4 

43 131; 48 20 869 4 

44 159] 44 20 841 7 4 

45 186} 45 21 814 1 ae) nr | ar 2 

46 214| 46 21 786 A 

47 241; 47 22 759 5 

48 268; 48 22 732 5 

49 296| 49 23 704 5 

50 | 9. 62323) 50 23/10. 37677 5 

51 50| 61 24 650 5 

52 377| 52 24 623 5 

53 405| 63 24 595 5 

54 432| 64 25 568 5 

55 459| 565 25 541 5 

56 486] 56 26 514 

57 513) 57 26 487 5 

58 541] 68 27 459 6 

59 568; 69 27 432 6 

60 | 9.62595) 60 28/10. 37405 6 
/ 

t 47 Diff. 

114°> cos sec 


—> 


tized by Google 


Di 


ce} 
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Page 242] TABLE 33. 
Logarithms of Trigonometric Functions. 
° i ° 
25°> sin | | oa tan | = cot set | nig | «154 
Pi : 
, 
0 | 9.62595) 0 9.66867| O 0/10. 33133]10. 04272; O 0) 9.95728) 60 
1 622) 1 900; J 1 100 278} +%J O 722] 59 
2 649) 2 933} 2 1 067 2844 2 O 716] 58 
3 676, 3 966 3S 2 034 290) $ O 710} 57 
4 703) 4 9.66999) 4 2/10. 33001 296, 4 O 704] 56 
5 730) 6 9.67032) 4&4 3/10. 32968 302) 6 1 698 
6 757| 6 065, 6. 3 935 308) 6 1 692 
7 | 9.62784, 7 098} 7 4 902 3144 7 1 686 
8 811; 8 131) 8 4 869 320; 8 1 680 
9 838) 9 163} 9 5 837 326) 9 1 674 
865} 10 196, 10 6& 804}10. 04332; 10 1) 9. 95668} 5&0 
892) 11 229} 11 6 771 - 337) 11) 1 663] 49 
918) 12 262) 12 7 738 343) 12 1 657} 48 
945} 138 295, 13 7 705 349) 18 1 651] 47 
972) 14 327) 14 8 673 355} 14 1 645] 46 
9.62999} 15 9.67360) 15 8/10. 32640 361} 15 2 639] 45 
9. 63026) 16 393) 16 9 607 367) 16 2 633] 44 
052) 17 426, 17 9 574 373) 17 2 627| 43 
079) 18 458} 18 10 542 379) 18 2 621] 42 
106} _ 19 491] 19 10 509 385/19 2 615} 41 
133} 20 524; 20 I1 476]10. 04391; 20 2) 9.95609) 40 
159) 21 556} 2/1 11 444 397, 21 2 603 
186] 22 10 589| 22 12 411 403} 22 2 
213) 23 10 622; 23 12 378 409} 23 2 
239) 24 11 654| 24 13 346 415] 24 2 
9. 63266; 25 11/10. 36734) 9.67687! 25 14/10. 32313 421| 25 3 
292) 26 11 8 719} 26 14 281 427| 26 3 
319) 27 12 752} 27 15 248 433) 27 3 
345; 28 12 785) 28 15 215 439) 28 3 
372| 29 13 817, 29 16 183 445| 29 3 
398} 30 13 850; 30 16 150]10. 04451} 30 3 
425} 31 14 882} $1 17 118 457; 31 3 
451) 32 14 915) 32 17 085 463} 32 3 
478} 33 15 947; 33 18 053 469} 33 3 
9. 63504) 34 15/10. 36496] 9.67980) 34 18/10. 32020 475| 84 3 
531; 35 15 9. 68012} 35 19/10. 31988 481} 35 4 
557, 36 16 044, 36 20 956 487, 36 4 
583; 37 16 077; 37 20 923 493} 37 4 
610/ 388 17 109} 38 21 891 500; 38 4 
636| 39 17 142) 39 21 858 506} 39 4 
662; 40 18 9.68174) 40 22 826]10. 04512) 40 4 
689; 41 18 206} 41 22 794 518) 41 4 
715) 42 19 239} 42 23 761 524, 42 4 
9. 63741; 43 19/10. 36259 271) 43 23 729 530} 43 4 
767| 44 19 9. 68303} 44 24/10. 31697 536) 44 4 
794, 45 20 336, 45 24 664 542) 45 5 
820! 46 20 368) 46 25 632 548) 46 5 
846) 47 21 400} 47 25 600 554, 47 5 
872; 48 21 4321 48 26 568 560} 48 5 
898) 49 22 465| 49 27 535 566|_ 49 ‘5 
924, 60 22 497| 60 27 503/10. 04573; 50 5 
950; 41 23 529| 61 28 471 579} 61 5 
9.63976) 52 23/10. 36024] 9.68561) 52 28/10. 31439 585, 462 5 
9. 64002} 63 23/10. 35998 593} 63 29 407 591} 63 5 
028| 54 24 626) 654 29 374 597), 64 _ ~*+5 
054, 65 24 658} 65 30 342 603} 55 6 
080) 46 25 690} 46 30 310 609} 456 6 
106} 47 25 722) 67 31 278 616, 57 6 
132} 58 26 754, 68 31 246 622) 58 6 
158} 59 26 786} 69 32 214 628) 59 6 
9. 64184) 60 26/10. 35816] 9. 68818) 60 33/10. 31182]10. 04634; 60 6 
t ” Diff. ” Diff. " Di 
115° cos cot tan csc a 


TABLE 33. [Page 243 
Logarithms of Trigonometric Functions . 


26°> sin csc ta cot cos «]53° 
” Diff. ” Diff. ” Diff. 
¥ ¥ 
, , 
0 | 9.64184, 0 0/10. 35816] 9.68818) 0 0/10. 31182]10. 04634, O 0 
1 210; 1 O 790 850) 1 1 150 1 0 
2 236) 2 1 764 882) 2 1 118 2 0 
3 262, 3 1 738 9144 $8 2 086 $ 0 
4 288) 4 2 712 946) 4 2 054 4 0 
5 313) 6 687| 9.68978} 6 3/10. 31022 5 1 
6 339/ 6 661 6 3/10. 30990 6 1 
7 365, 7 635 7 4 958 7 1 
8 | 9.64391} 8 3/10. 35609 8 4 926 8 1 
9 417) 9 583 9 5 894 9 1 
10 5 862|10. 04696] 10 1 
11 6 830 11 1 
12 6 798 121 
18 7 766 131 
14 _7|10. 30734 14 1 
15 8 702 16 2 
16 8 671 16 2 
17 =9 639 17 2 
18 9 607 18 2 
19 10 575 19 2 
20 11 543/10. 04758 20 2 
21 11 12 21 2 
22 12/10. 30480 22 (2 
23 12 448 23 2 
24 3 416 24 3 
25 (13 385 25 3 
26 14 353 26 3 
27 14 321 27 3 
28 15 290 28 3 
_ 29 15 258 29 3 
380 16/10. 30226)}10. 04821; SO 3 
31 16 195 $1 3 
$2 17 163 sg 3 
33 17 132 83 3 
34 _ 18 100 344 
36 18 068 $5 4 
36 19 037 $6 4 
$7 20)10. 30005 87 4 
$8 20/10. 29974 388 4 
39 21 942 394 
21 91110. 04884; 40 4 
41 22 879 41 4 
42 22 848 424 
43 23 816 43 5 
44 23 785 445 
45 24/10. 29753 45 5 
46 24 2 46 5 
4% 25 691 4v? 5 
48 25 659 48 5 
49 26 628/10. 04941} 49 5 
60 26 596 60 5 
61 27 565 61 5 
52 27 534 68 5 
58 28]10. 29502 53 6 
54 28 471 54 6 
55 29 440 65 6 
56 30 408 56 6 
57 30 377 57 6 
68 31 346|10. 04999} 58 6 
59 31 315{10. 05005} 59 6 
9.70717} 60 32/10. 29283/10. 05012| 60 6 


oe eee | ee ee |e | ee fees ee, | Oe 


? wens 
116° cos sec cot ~| tan ee i 


Page 242] 


25°> sin 


9. 62595 
2 


OOON|O POON O 
a] 
iv) 
i) 


9. 63026 


csc 
” Diff. 
0 0110. $7405 
1 0 378 
@ 1 351 
8 1 324 
4 2 297 
6. 2 270 
6 3 243 
7 8/10. 37216 
8 4 189 
9 4 162 
10.4 135 
11 5 108 
12 & 082 
18 6 055 
1h 6 028 
16 7\10. 37001 
16  7|10. 36974 
17 8 948 
18 8 921 
19 8 894 
20.9 867 
21 9 841 
22 10 814 
23 10 787 
24 11 761 
26 11\10. 36734 
26 11 708 
27 12 681 
28 12 655 
29 13 628 
3013 602 
$1 14 575 
$2 14 549 
$3 15 522 
34 15]10. 36496 
356 15 469 
386 16 443 
37 16 417 
88 17). 390 
$9 17 364 
4018 338 
41 18 311 
42 19 285 
43 1910. 36259 
4419 233 
46 20; 206 
46 20 180 
47 21 154 
48 21 128 
49 22 102 
50 22 076 
61 23 050 
62 23/10. 36024 
63 23|10. 35998 
54 24 972 
66. 24| 046 
66 25 920 
57 25 894 
68 26 868 
69 26 842 
60 26/10. 35816 
” Diff. 
sec 


TABLE 33. 
Logarithms of Trigonometric Functions. 


tan 


9. 66867 


9. 67687 


9. 68174 


9. 68561 


cot 


tan 


cot sec 
" Diff. 
O 0/10. 33133]10. 04272 
1 1 100 278 
2 1 067 284 
8 2 034 290 
4 2/10. 33001 296 
& 3|10. 32968 302 
6. 3 935 308 
7 4 902 314 
8 4 869 320 
9 5 837 326 
10 & 804310. 04332 
11 6 771 - 337 
12 7 738 343 
18 7 705 349 
14 «8 673 355 
16 8/10. 32640 361 
16 9 607 367 
17 9 574 373 
18 10| - 542 379 
19 10 509 385 
20 11 47610. 04391 
21 11 444 397 
22 12 411 403 
23 12 378 409 
24 18 346 415 
25 14|10. 32313 42] 
26 14 281 427 
27 15 248 433 
28 15 215 439 
29 16 183 445 
8O 16 150}10. 04451 
81 17 118 457 
82 17 085 463 
88 18 053 469 
84 18/10. 32020 475 
35 19110. 31988 481 
36 20 956 487 
87 20 923 493 
88 21 891 500 
89 21 858 506 
40 22 826]10. 04512 
41 22 794 518 
42 23 761 524 
48 23 729 530 
44 24/10. 31697 536 
46 24 664 542 
46 25 632 548 
4Y 25 600 554 
48 26 568 560 
49 27 535 566 
60 27 503/10. 04573 
51 28 471 579 
52 28110. 31439 585 
63 29 407 591 
54 29 374 597 
65 30 342 603 
56 30 310 609 
57 31 278 616 
68 31 246 622 
59 32 214 628 
60 33/10. 31182]10. 04634 
" Diff. 


Diff. 


Co ND TUAW C % ™O 


0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
5 
5 
5 
5 
4) 
5 
5 
5 
5 
5 
6 
6 
6 
6 
6 
6 


cos <«]54° 
4 


9. 95728 
722 
716 
710 
704 


698 


692 
686 
680 
674 


9. 95668 


TABLE 33. : [Page 248 
Logarithms of Trigonometric Functions . 


° 

ee ta pee ee “153 

, 

0/10. 35816] 9. 68818 0 0 60 

0 790 850 1 0 59 

1 764 882 2 0 58 

1 738 914 Ss 0 57 

| 2 712 946 4 0 56 

2 687| 9. 68978 6 1 55 

3 661| 9. 69010 6 1 54 

3 635 042 7 1 53 

3/10. 35609 074 8 1 52 

4 583 106 9 1 51 

4 558 138 10 1 50 

5 532 170 11 1 49 

5 506 202 12 1 48 

5 481 234 18 1 AT 

6 455| 9. 69266 141 46 

6/10. 35429 298 156 2 45 

7 404 329 16 2 44 

7 378 361 17 2 43 

8 353 393 18 2 42 

8 327 425 19 2 41 

8 302 457 20 2 40 

9 276 488 21 2 39 

9 251] 9. 69520 22 2 38 

10/10. 35225 552 232 37 

10 200 584 24 3 36 

11 174 615 25 3 35 

11 149 647 26 3 34 

11 123 679 27 3 33 

12 098 710 28 3 32 

12 073 742) 29 3 31 

13 047| 9. 69774 30 3 30 

13|10. 35022 805 31 3 29 

1410. 34997 837 se 3 28 

14 971 868 33 3 27 

14 946 900 S44 26 

15 921 932 35 4 25 

15 896 963 $6. 4 24 

16 870| 9. 69995 sy 4 23 

16 845] 9. 70026 88 4 22 

39 | 9.65180] 39 16/10. 34820 058 s9_ 4 21 
40 205| 40 17 795 089 40 4 20 
4] 230; 41 17 770 121 41 4 19 
42 255, 42 18 745 152 424 18 
43 281| 43 18 719 184 43 5 17 
44 | 306) 44 19) _—694 215 4h 5 16 
45 331| 45 19 669] 9. 70247 46 5 15 
46 | 9.65356] 46 19)10. 34644 278 46 5 14 
47 381; 47 20 619 309 a) 13 
48 406| 48 20 594 341 48 5 12 
49 431] _ 49 21 569 372 495 11 
50 456, 60 21 544 404 60 5 10 
51 481; 61 22 519 435 61 5 9 
52 506] 52 22 494 466 58 5 8 
53 | 9.65531] 53 22/10. 34469] 9. 70498 63 6 7 
54 556| 54 23 444 529 54 6 6 
55 580| 55 23 420 560 65 6 5 
56 605, 66 24 395 592 66 6 4 
57 630) 67 24 370 623 57 6 3 
58 655| 58 25 345 654 68 6 2 
59 680] 69 25 320 685 59 6 1 
60 | 9.65705) 60 25/10. 34295) 9. 70717 60 6 0 
, ee ———~—/- | ; 
t " Diff. " Diff ; t 
116° cos sec cot sin «63° 


Page 244] TABLE 33. 
Logarithms of Trigonometric Functions. 
27°> sin csc tan 
oo Diff. or Di 
; 
0 | 9.65705, O 0/10. 34295] 9.70717) 0 0 
1 729} 1 O 271 748] 1 0 
2 754) 2 1 246 779| 2 0 
3 779) $ 1 221 $ 0 
4 804 4 2 196 5 0 
5 | 9.65828] 6 172 5 1 
6 853 6 2 147 6 1 
7 878} 7 38 122 7 1 
8 902 8 3 098 8 1 
9 927), 9 4 073 9 1 
952| 10 4 048 10 1 
9.65976, 11 4/10. 34024 11 1|. 
9.66001) 12 5/10. 33999 12 ] 
025) 18 5 975 18 ] 
050} 14 6 950 14 2 
075) 16 6 925 16 2 
099} 16 6 901 16 2 
124, 17 7 876 17 2 
148} 18 7 852 18 2 
173| 19 8 827 19 2 
197| 20 8 803 20 2 
221| 21 8 779 21 2 
@. 66246, 22 9110. 33754 28 2 
270} 23 9 730] 23 3 
205} 24 10 705 2h a 3 
319} 25 10 681 26 3 
343) 26 11 657 26 3 
368] 27 I1 632 27 3 
392) 28 11 608 28 3 
416| 29 12 584 29 3 
441; 80 12 559 30 3 
465| $1 13 535 $1 3 
9. 66489] S$ 13/10. 33511 82 4 
33 513} 88 13 487 33 4 
34 537) _ 34 14) 463) TT) 84] 229] 233) 84 
35 562| 35 14 438 36 4 
36 586] 36 15 414 86 4 
37 610} 387 15 390 87 4) 
38 634] 388 15 366 88 4 
39 658} 39 16 342 389 4 
40 682! 40 16 318 40 4 
41 706| 41 17 294 41 4 
42 | 9.66731; 42 17/10. 33269 42 5 
43 755| 438 17 245 43 5 
44 779| 44 18 221 44 5 
45 803} 45 18 197 45 5 
46 827| 46 19 173 46 5 
47 851} 47 19 149 47 5 
48 875} 48 19 125 48 5 
49 899} 49 20 101 49 5 
50 922| 50 20 078 50 5 
51 946| 61 21 054 1 6 
52 970| 52 21 030 52 6 
53 | 9.66994] 63 21/10. 33006 58 6 
54 | 9.67018) 64 22/10. 32982 54 6 
55 042) 65 22 958 56 6 
56 066] 56 23 934 56 6 
57 090] 67 23 910 57 6 
58 113) 68 23 887 58 6 
59 137] 59 24 863 59 6 
60 | 9.67161} 60 24/10. 32839] 9. 72567| 60 7 
? be rE SS a | es fT 
t oP Diff ve Diff 
117° cos "| gece cot 


TABLE 33. 
Logarithms of Trigonometric Functions. 


28° sin csc tan | cot sec 
; 
a 
9. 67161 10. 82839| 9.72567| 0  0|10. 27433|10. 0540 
185 815 598} 1 1 402 41 
208 792 628} 8 1 372 
232 768 659, S$ 2 341 
256 744 689) 4 2 311 
5 280 720 720; 6 38 280 
6 303 97 6 63 250 
7 | 9 67327 10. 82673] 9. 72780| 7  4|10. 27220 
8 350 8111 8 4 189 
9 374 626 841} 9 5 159 
5 
6 
6 
7 


946 
438 084, 17 9 916 


414 1144 18 9 886 

391 144, 19 10 856 

367 175| 20 10 825]10. 05542 
795 549 


57 446} 29 15 554 603 31 
134 476} 8O 15 524710. 05610: 80 
110 507} 31 16 493 617 29 
087} 9. 73537| $2 16/10. 26463 624 28 
064 7 27 
26 
25 
24 
23 
22 
21 
20 


879 807; 41 21 6 
856 837| 42 21 163 693 
43 833 867; 43 22 133 700 
17/10. 31810 897| 44 22 103 707 


787 927; 46 23 073 14 


23 043 
740} 9.73987) 47 24/10. 26013 727 
717] 9.74017} 48 24/10. 25983 734 
695 047| 49 25 953 741 


672 077; 50 25 923]10. 05748 
893 755 


pes bam peed reds ed 


466 345; 49 30 655 811 
23|10. 31443] 9.74375] 60 30/10. 25625/10. 05818 


pt FP OBO 09 ON 


cd 


9. 69897 


¢ 
119°> cos 


9. 74375 
405 


TABLE 33. 
Logarithms of Trigonometric Functions. 


ee ee 


ee fl ee ff | eee | 


a emer rr fl ee fe ee | 


ee TE le 


csc 
Diff. 
O 0/10. 31443 
1 0 420 
2 #1 397 
s 1 375 
4 1 352 
5 2 329 
6 2 306 
7 38 284 
8 3 261 
9 3 238 
10 = 4/10. 31216 
11 4 193 
12 «4 171 
18 5 148 
14 6 125 
16 «66 103 
16 6 080 
17 6 058 
18 7 035 
19 = 710. 31013 
20 =7|10. 30990 
21 +8 968 
22 8 945 
23 «(9 923 
24. 9 900 
25 9 878 
26 10 856 
27 «10 833 
28 10 811 
29 il 788 
30 11/10. 30766 
31 12 74 
82 12). 721 
83 12 699 
84 13 677 
35 13 655 
36 13 632 
37 14 610 
38 14 588 
389 15 566 
40 15/10. 30544 
41 15 
42 16 499 
438 16 477 
44 16 455 
45 17 433 
46 17 411 
47? 17 389 
48 18 367 
49 18 345 
60 19}10. 30323 
61 19 301 
52 19 279 
63 20 257 
54 20 235 
55 20 213 
‘66 21 191 
67 21 169 
68 22 147 
59 22 125 
60 22/10. 30103 
” Diff. 
sec 


O 0/10. 25625/10. 05818 
1 0O 595 825 
2 1 565 832 
s 1 535 839 
4 2 506 846 
5 2 476 853 
G6 63 446 860 
7 3 417 867 
8 4 387/10. 05874 
9 4 357 881 
10 ~=—- 10. 25327 888 
11 5 298 895 
12 6 268 902 
1S 6 238 910 
14. 7 209 917 
7 179 924 

8 149/10. 05931 

8 120 938 

9 945 

9 952 

959 

966 

973 

980 

988 

883]10. 05995 

854/10. 06002 

009 

016 

023 

030 

037 

045 

052 

059 

589]10. 06066 

073 

080 

088 

095 

102 

109 

116 

353/10. 06124 

4 131 

138 

145 

153 

160 

167 

14 174 

119}10. 06181 

189 

061 196 

031 203 

27/10. 24002 211 
28/10. 23973 218 
944 225 

914 232 

88 240 


© Ca 2D Cie Ce te ™ @ 


SUNT UST NT TDD DD Gi DD G9 Cn C1] Ot Gt 1 Ot Ot] 1 Ot he ee | ie he > > 1D! 69 69 69 Co G91 69 69 69 69 D9! BD BD DOD DG DO] DD DD et bet et et et st 1 OO OOO 


(ie) 
i jad 
TOomnonen ome ESSERE @ 300 


36 


30 


26 


S 


760 
9. 93753 


E 
dh 
oe? 


TABLE 33. 
Logarithms of Trigonometric Functions. 


27 10 
28 10/10. 29496 957; 28 13 04 453 
29 10 475] 9.76986] 29 14/10. 23014 461 


, 
0 | 9.69897) Oo 0 O 0/10. 23856)10.06247| Oo 0 
1 919| JI O 1 0 827 2544 1 O 
2 041 2 #1 2 1 798 262) 2 O 
3 963} 3S 1 s$ 1 769 269} 3S 0 
4 | 9.69984; 4 1 4 2 739 276} 4 O 
5 | 9.70006 5 2 6 2 710 283} 5 1 
6 028) 6 2 6 3 681 291; 6 1 
7 050| 7 3 7 3 652 2981 7 1 
8 072; 8 3 & 4 6 305} 8 1 
9 093; 9 3 9 4 59 313} 9 1 
10 4 10 = | 10. 23565) 10. 06320 1 
4 11 5 536 327 1 
4 12 66 50 335 1 
5 18 6 478 342 2 
5 14. 7 44¢ 350 2 
5 16 7 420 357 2 
6 16 8 391 364 2 
6 17 8 361 372 2 
6 18 9 332 379 2 
7 19 9 303 386 2 
7 20 = 10)10. 23275110. 06394 2 
8 21 246 401 3 
8 22 11 21 409 3 
8 23 11 188 416 3 
9 24 12 159 423 3 
9 25 12 130 431 3 
9 26 13 101 438 
3 
_29 10) 405 _ 29 +214 ___— 461 4 
80 11 453] 9.77015) 380 14/10. 22985)10. 06468 4 
$1 ll 432 044, 31 15 956 475, S1 4 
82 11 41( 073) 32 15 92 483| 32 4 
83 12 388 101; 38 16 899 490} 38 4 
84 12 36 130} 34 16 870 498} 84 4 


ecm ee —crmree | eec  eecerr ———  r 


" Diff. ” Diff. . 


oO 


386 4 495, 25 

$6 4 487| 24 

87 665 480) 23 

88 5 472) 22 

89 5 465) 21 

40 14 239] 9. 77303) 40 191/10. 22697/10. 06543; 40 85] 9.93457] 20 

41 15 218 332} 41 20 668 550; 41 5 450; 19 

42 15 197 361; 42 20 639 558) 48 5 442; 18 

48 15/10. 29176 390) 43 21 610 565) 48 5 435} 17 

44, 16 154 418} 44 21 582 573) 44 5 427) 16 

45 16 1 447) 46 22 553 580) 45 6 420; 15 

46 16 1] 476| 46 22 524 588) 46 6 .412) 14 

47 17 091 505} 47 23 495 595, 47 6 405} 13 

48 17 069 533} 48 23 467 603} 48 6 397] 12 

49 18 048 562} 49 24 438 610) 49 6 390) 11 

50 18 027] 9.77591; 50 24/10. 22409)10. 06618; 450 6) 9. 93382) 10 

51 | 9.70994; 41 18/10. 29006 619} 41 25 381 625, 51 6 375) 9 
52 | 9.71015} 52 19/10. 28985 648) 52 25 352 633) 52 6 367, 8 
53 036; 43 19 964 677, 653 26 323 640} 68 7 360) 7 
54 058} 64 19 942 706) 64 26 294 648' 64 7 352] 6 
55 079} 465 20 92] 734, 55 26 266 656) 6 7 344, § 
56 100; 56 20 900 763| 66 27 23 663 7 337] 4 
57 121; 57 20 879 791] 4&7 27 209 671 7 329) 3 
58 142} 58 21 858 820| 468 28 180 678 7 322) 2 
59 163} 69 21 837 849; 59 28 151 686 7 314; 1 
60 | 9.71184; 60 21/10. 28816) 9.77877} 60 29/10. 22123/10. 06693 7|_ 9.933071 0 
Seed ietae Pl i ech aci tic Baedtchitcicd . 

9 


sec cot tan csc 


5 
t 


TABLE 33. 
Logarithms of Trigonometric Functions. 


4 

8 
0 | 9.71184 
1 205 
2 226 
3 247 
4 268 
§ 289 
6 310 
7 331 
8 3852 
9 373 
9. 71393 
414 
435 
456 
477 
15 498 
16 519 
17 539 
18 560 
19 581 
9. 71602 
622 
643 
664 
685 
25 705 
26 726 
27 747 
28 767 
29 788 
30 », 71809 
31 829 
32 850 
33 870 
34 891 
35 911 
36 932 
37 952 
38 973 
39 | 9.71994 
40 | 9.72014 
41 034 
42 055 
43 075 
44 096 
45 116 
46 137 
47 157 
48 177 
49 198 
50 | 9. 72218 
51 238 
§2 259 
53 279 
54 299 
55 320 
56 340 
57 360 
58 381 
59 401 
6@ | 9.72421 

o 

121° cos 


QO 0/10. 28816 
1 O 795 
2 1 774 
S$ 1 753 
4 1 732 
5 2 711 
6 2 690 
7 2 669 
8 3 648 
9 83 627 
10 3/10. 28607 
Ji 4 586 
12 A 565 
18 4 §44 
14 = 5 §23 
16 f 502 
16 7 481 
17 86 461 
18 D 440 
19 7 419 
20 =—7|10. 28398 
21 7 378 
22 =f 357 
23 «68 336 
24 8 315 
26 0=— 9 295 
26 #9 274 
27 9 253 
28 10 233 
29 10 212 
80 10/10. 28191 
81 11 171 
8? ll 150 
83 11 130 
84 12 109 
385 12 089 
86 12 068 
87 13 048 
88 13 027 


89 13/10. 28006 


40 14/10. 27986 


4i 14 966 
42 14 945 
48 15 925 
44 15 904 
45 16 884 
46 16 863 
47 16 843 
48 16 823 
49 17 802 
60 17/10. 27782 
51 762 
52 18 741 
53 18 721 
54 19 701 
55 19 680 
66 19 660 
57 20 640 
58 20 619 
59 99 


20 5 
60 2110. 27579 


9. 77877 
906 


© Co 2 D Tw Co %] sO 


0/10. 22123}10. 06693 
0 094 701 
| 065 709 
1 037 716 
2/10. 22008 724 
2/10. 21980 731 
3 951 739 
3 923 747 
4 894 754 
4 865 762 
5 837/10. 06770 
i 808 777 
780 785 
6 751 793 
7)10. 21723 800 
7 694 808 
666 816 
637 823 
9 609 831 
9 581 839 
9 552]10. 06846 
10 524 854 
10/10. 21495 862 
11 467] - 869 
11 438 877 
12 410 885 
1 382 892 
13 353 900 
13 325 908 
14 296 916 
14/10. 21268/10. 06923 
15 240 931 
15 211 939 
16 183 947 
16 155 954 
17 126 962 
17 098 970 
17 070 


18 041 

18/10. 21013/10. 06993 
19/10. 20985)10. 07001 
19 957 


009 
20 928 017 
20 900 024 
21 872 032 
21 844 040 
22 815 048 
22 787 056 
23 759 064 
23 731 071 
24/10. 20703/10. 07079 
24 674 087 
25 646 095 
25 618 103 
26 590 111 
26 562 119 
26 534 126 
27 505 134 
27 477 142 
28 449 150 
28/10. 20421/10. 07158 


" Diff. " Diff. 
~~ cot tan csc 


Co ND Tj ® Co %} ™ O 


DO OT OY G1 G1 OV OU Or om be he he | LD im GO G9 Gol G9 G9 Go Co Col 89 DD BD DY BON DD BD AD bet | bt et bt bt et et OO OO © 


C0 CO STATA VAVIAIVIA/ABAAMAIO 


9. 93307] 60 
299] 59 
291) 58 
284) 57 
276} 56 
269] 55 
261] 54 
253} 53 
246] 52 
238] 51 
9. 93230] 50 
223] 49 
215] 48 
207| 47 
200] 46 
192} 45 
184) 44 
177] 43 
169] 42 
161} 41 
9. 93154] 40 
146] 39 
138] 38 
131] 37 
123] 36 
115 
108 
100 
092 
084 
9. 93077] 30 
9} 29 
061] 28 
053] 27. 
046] 26 
038 
030 
022 
014 
9. 93007 
9.92999} 20 
991} 19 
983} 18 
976] 17 
968] 16 
960 
952 
944 
936 
929 
9. 92921} 10 
913} 9 
905; 8 
897, 7 
889] 6 
881) 5 
874] 4 
866; 3 
858] 2 
850]; 1 
9. 92842; 0 
4 
sin «58° 


TABLE 33. [Page 249 
Logarithms of Trigonometric Functions. 


23/10. 19025)10. 07559} 460 9. 92441 


24|10. 18997: 567; 61 433 
24 970 575| 52 425 
25 942 584) 638 416 
26 887 600; 56 400 
26 859 608) 46 392 
26 831 616; 57 384 
27 624; 58 376 


As | a? es | AS | | es i aie 


Page 250] TABLE 33. 


Logarithms of Trigonometric Functions. 


33°> = sin csc tan cot sec 
1 " Diff Diff. Diff. 
/ 
0 | 9.73611; 0 0/10. 26389] 9.81252; 0 0\10.18748|10. 07641) 0 0 
1 1 0 370 279} 1 O 721 649} 1 O 
2 2 1 350 307; 2 1 693 657; 2 O 
3 2.3 331 335) 3 1 665 665) 3 O 
4 ae 311 362} 4 2 638 674, 4 1 
5 5 2 292 390, 5 2 610 682; 6 1 
6 G6 2 273 418) 6 3 582 690; 6 1 
7 * re 253 4455 7 3 5 > 
8 8 3 234 473} 8 4 527|10.07707; 8 1 
9 9 8 215] 9.81500} 9 _4|10. 18500 715} 9 1 
10 10-310. 26195 528} 10 5 472 723; 10 1 
11 11 3 176 556] 11 5 444 731; 11 2 
12 12 4 157 583) 12 5 417 740; 12 2 
13 13 4 137 611; 13 6 389 748} 13 2 
14 14 4 118 638| 14 6 362 756| 14 2 
15 16 65 099 666, 15 7 334 765) 15 2 
16 16 668 079 693, 16 7 307 773| 16 2 
17 17 5 060 721| 17 8 279|10.07781| 17 2 
18 18 6 041] 9.81748) 18 810. 18252 789} 18 3 
19 19 6 022 776| 19 9 224 798| 19 38 
20 | 9.73997; 20 6/10. 26003 803; 20-9 197 806] 20 3 
21 | 9.74017} 21 7/10. 25983 831] 21 10 169 814, 21 3 
22 036] 22 7 964 858] 22 10 142 823] 22 3 
23 055, 23 7 945 886 23 11 114 831} 23 3 
24 074| 24 8 926 913] 24 11 087 839] 24 3 
25 093} 25 «8 907 941) 25 11 059 848} 25. 3 
26 113} 26 8 887 968) 26 12 032/10. 07856} 26 4 
27 132} 27 9 868] 9. 81996] 27 12|10. 18004 864, 27 4 
28 151] 28 9 849] 9. 82023} 28 13|10. 17977 873} 28 4 
29 170| 29 9 830 051|_ 29 13 949 881] 29 4 
30 | 9.74189} 30 10/10. 25811 078; 30 14 922 889/304 
31 208] 31 10 792 106} 31 14 894 898} St 4 
32 227| 32 10 773 133) 32 15 867 906] $2 4 
33 246] 33 10 754 161) 33 15 839 914) 33 5 
34 265| S34 11 735 188} 34 16 812 923] 34 5 
35 284, 35 11 716 215| 35 16 785|10. 07931|" 355 
36 303} 36 11 697 243] 36 16 757 940] 36 5& 
37 322| 37 12 678 270} 37 17 730 948] 37 5 
38 341] 38 12 659 298] 38 17 762 956] 38 5 
39 360| 39 12 640| 9. 82325} 39 18]10. 17675 965| 39 5 
40 | 9.74379] 40 13/10. 25621 352/40 18 648 973; 40 6 
41 41 13 602 380} 41 19 620 982} 41 6 
42 42 18 583 407} 42 19 593 990} 42 6 
43 43 14 564 435] 43 20 56510. 07998] 43 6 
44 44 14 545 462| 44 20 538]10. 08007| 44 6 
45 45 14 526 489| 45 21 511 015) 45 6 
46 46 15 507 517} 46 21 483 024, 46 6 
47 4” 165 488 544) 47 22 456 032} 47 7 
48 48 15 469 571] 48 22 429 041] 48 7 
49 4916 451| 9. 82599] 49 22/10. 17401 049] 49 7 
50 50 16/10. 25432 626| 50 23 374 058; 50 7 
51 51 16 413 653] 51 23 347 066] 51 7 934] 9 
52 62 17 394 681] 52 24 319]10. 08075] 52 7| 9.91925] 8 
53 63 17 375 708| 53 24 292 083) 53 7 917} 7 
54 54 17 356 735| 54 25 265 092} 54 8 908} 6 
55 55 17 338 762| 55 25 238 100/55 —«8 00/5 
56 56 18 319 790| 56 26 210 109] 56 8 891] 4 
57 57 18 300 817} 57 26 183 117} 57 8 883] 3 
58 68 18 281 844 58 27 156 126) 58 8 874] 2 
59 59 19 263 871] 59 27 129 134 59 8 866] 1 
60 60 19/10. 25244} 9. 82899] 60  27|10. 17101]10. 08143] 60 8] 9.91857] 0 
/ ae _—aa) io ee / 
t ” Diff. ” Diff “ Di f 
123°> cos sec cot tan csc a in «56° 


Bistivealby Google 


34° sin 
v 
a 
0 | 9. 74756 
1 775 
2 794 
3 812 
4 831 
5 850 
6 | 9. 74868 
7 887 
8 906 
9 924 
10 943 
ll 961 
12 980 
13 | 9. 74999 
14 | 9. 75017 
15 036 
16 054 
17 073 
18 091 
19 110 
20 128 
21 147 
22 | 9. 75165 
23 184 
24 202 
25 221 
26 239 
27 268 
28 276 
29 294 
30 | 9. 75313 
31 331 
32 350 
33 368 
34 386 
35 405 
36 423 
37 | 9. 75441 
38 459 
39 478 
40 496 
41 514 
42 533 
43 551 
44 | 9. 75569 
45 587 
46 605 
47 624 
48 642 
49 660 
50 678 
61 696 
52 | 9. 75714 
53 733 
54 751 
55 769 
56 787 
57 805 
58 823 
59 841 
60 ! 9. 75859 


¢ 
124° cos 


csc 
” Diff. 
O 0/10. 25244 
1 0 225 
2 #1 206 
S$ 1 188 
4 1 169 
6 2 150 
6 2110. 25132 
7 2 113 
8 2 094 
9 3 076 
10 3 057 
11 3 039 
12 4 020 
18 4/10. 25001 
14 4110. 24983 
16 6 964 
16 65 946 
17 6 927 
18 6 909 
19 6 890 
20 66 872 
21 6 853 
22 710. 24835 
28 7 816 
24 7 798 
25 = 8 779 
26 = 8 761 
27 68 742 
28 9 724 
29 #9 706 
80 910. 24687 
81 9 669 
82 10 650 
83 10 632 
84 10 614 
85 11 595 
86 11 577 
87 11/10, 24559 
88 12 541 
89 12 §22 
40 12 504 
41 13 486 
42 13 467 
48 13 449 
44 138)10, 24431 
45 14 413 
46 14 395 
47? 14 376 
48 15 358 
49 185 340 
60 15 322 
61 16 304 
562 16/10. 24286 
68 16 267 
64 17 249 
66 17 231 
66 17 213 
57 17 195 
68 18 ‘177 
59 18 159 
60 18/10. 24141 
vr 5 
Diff. sec 


TABLE 33. 
Logarithms of Trigonometric Functions. 


9. 84011 
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ee 


Se oe oe 


cot sec 
" Diff. 
O 0/10. 17101]10. 08143 
1! O 074 151 
2 1 
3 1 
4 2 
6 2 
6 3 
7 8 
8 4 
9 4 
10 65 
11 5 
12 = =65 
138 6 
14. =« «6 
16 7 693 271 
146 7 666 280 
17 8 639 288 
18 810. 16612 297 
19 9 585 305 
20 9 558}10. 08314 
21 9 530 323 
22 10 503 331 
23 10 476 340 
24 449 349 
26 11 422 357 
26 12/10. 16395 366 
27 12 368 375 
28 13 341 383 
29 13 314 392 
30 14 287/10. 08401 
31 14 260 9 
82 14 232 418 
$3 165|10. 16205 427 
34 15 178 435 
85 16 151 444 
36 16 124 453 
$7 17 097 462 
88 17 070 470 
89 18 043 479 
40 18/10. 16016)10. 08488 
41 18/10. 15989 496 
42 19 962 505 
48 19 935 514 
_44 20) 908] 23 
45 20 881 531 
46 «21 854 540 
47 21 827 549 
48 22 800 558 
49 22 773 567 
60 23/10. 15746]10. 08575 
61 23 720 584 
62 23 693 593 
63 24 666 602 
b4 24 639 611 
65 25 612 619 
56 25 585 628 
&7 26 558 637 
68 26 531 646 
59 27 50 655 


© O OO O 00 00} 00 CO OOS] 


=“ —iO OOO OE ON eee O_O OC 


eee — 
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TABLE 33. 
Logarithms of Trigonometric Functions. 
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ed eee el 
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— ee ee Eee 
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Page 252] 
35° sin 
v 
, 
0 | 9. 75859 
1 877 
2 895 
3 913 
4 931 
5 949 
6 967 
7 | 9. 75985 
8 | 9. 76003 
9 021 
10 039 
ie 057 
12 075 
13 093 
14 111 
15 129 
16 146 
17 164 
18 182 
19 | 9. 76200 
20 218 
21 236 
22 253 
23 271 
24 289 
25 307 
26 324 
27 342 
28 360 
29 378 
30 | 9. 76395 
31 413 
32 431 
33 448 
34 466 
35 484 
36 501 
37 519 
38 537 
39 554 
40 | 9. 76572 
41 590 
42 607 
43 625 
44 642 
45 660 
46 677 
47 695 
48 712 
49 730 
50 | 9. 76747 
51 765 
52 782 
53 800 
54 817 
55 835 
56 852 
57 870 
58 887 
59 904 
60 | 9. 76922 
/ 
t 
125°> cos 


cot sec 
’ Diff. ’ Diff. 
O 0/10. 15477)10. 08664 0 
1 0 450 672 1 
2 1 424 681 2 
s 1 397]. 690 3 
4 @2 370 699 4 
Ba. 2 343 708 & 
6 3/10. 15316 717 6 
7 8 289 726 7. 
8 4 262}10. 08734 8 
9 4 236 743 9 
10 4 209 752 
11 5)10. 15182 761 
3-3 155 770 
13 6 128 779 
14 6 101 788 
16 7 075}|10. 08797 
16 7 048 806 
17 8}10. 15021 815 
18 8/10. 14994 824 
19 8 967 833 
20 9 94] 842 
21 9 914 851 
22 10 887/10. O8859 
£3 30 860 868 
24 ll 834 877 
26 11 807 886 
26 12/10. 14780 895 
£7 IZ 753 904 
28 12 727 913 
29 13 700}10. 08922 
S80 138 673 931 
81 14 646 940 
os: 14 620 949 
83 15/10. 14593 958 
84 15 566 967 
385 16 540 977 
36 16 513 986 
387 16 486/10. 08995 
S8. Aid 460/10. 09004 
so i7 433 013 
40 18 406 022 
41 18/10. 14380 031 
42 19 353 040 
48 19 326 049 
44 20 300 058 
45 20 273}10. 09067 
46 20 246 076 
47 2 220 085 
48 21/10. 14193 094 
49. 22 166 104 
50 22 140 113 
61 23 113 122 
bf 23 O87 131 
63 24 060}10. 09140 
54 24 149 
55 24/110. 14007 158 
56 25/10. 13980 168 
57 25 954 177 
58 26 927 186 
59 26 900 195 
60 27|10. 13874}10. 09204 


cot 


of. itr 
tan 


nay —T. 
Yigitized b\ | 1Q) C) Oe 
Digitized by Xa OC gle 


cos -]44° 

v 

7 

9. 91336) 60 
328} 59 

319) 58 

310) 57 

301] 56 

B2] 55 

83) 54 

53 

9. 91266) 52 
257| 51 

248] 50 

239) 49 

230} 48 

221) 47 

212) 46 

9. 91203) 45 
194) 44 

185) 43 

176) 42 

167] 41 

158} 40 

149] 39 
9.91141} 38 
132} 37 

123) 36 

114) 35 

105} 34 

096) 33 

O87] 32 
9.91078] 31 
069} 30 

060} 29 

051} 28 

042} 27 
033} 26 

023) 25 

014) 24 

9. 91005} 23 
9. 90996] 22 
987] 21 

978] 20 

969) 19 

960} 18 

951] 17 

942} 16 

9. 909 15 
924) 14 

915} 13 

406 12 

896) 11 

887} 10 

878} 9 

869 8 

9. 90860 7 
851, 6 

842) 5 

832) 4 

823} 3 

814 2 

80 1 

9. 90796 0 

7 

, t 
sin «54° 


TABLE 33. 
Logarithms of Trigonometric Functions. 


cot sec 


~ 
= 


SN asemesne Ree et een OE 


ee ne er rr cr ere 
a 


O 010. 13874)10. 09204 
1 ‘ 84 213 
2 1 821 223 
S&S 1 794 232 
4£ 2 768 241 
6 2 741 250 
6 3 715 259 
7 8:3 BRS 269 
8 662, 278 
"9 @ 63 287 
10 4 6081/10. 09296 
11. =8}10. 13582 306 
18 #65 555 315 
18 6 §29 324 
14. «6 502 333 
16 7 476 343 
16 7 44¢ 352 
17 7 423 361 
18 8 39 370 
19 8 370 380 
20 69 344/10. 09389 
21 9 317 398 
22 1010. 13291 408 
28 10 264 417 
24 il 238 426 
25 11 211 435 
26 11 185 445 
27 12 158 454 
28 12 132 463 
29 13 106 473 
80 13 079/10. 09482 
S81 14 053 491 
82 14 026 501 
88 15/10 13000 510 
84 185/10. 12973 520 
86 15 947 529 
86 16 921 638 
87 16 894 548 
88 17 868 557 
89 17 84 566 
40 18 815]}10. 09576 
41 18 789 §85 
42 18 . 162 595 
48 19/10. 12736 604 
44 19 710 614 
45 20 68 623 
46 20 657 632 
47 21 631 642 
48 21 604 651 
49 22 578 661 
50 22 552110. 09670 
61 22110. 12525 680 
52 23 499 689 
538 23 473 699 
54 24 446 708 
55 24 420 718 
66 25 394 727 
87 25 367 737 
58 26 341 746 
59 26 315 756 
60 26/10. 12289}10. 09765 

" Diff. 

tan csc 


0 
1 
2 
3 
4 od 
§ 
6 2 
7 2 
8 2 
9 3 92 
095| 10 3 905 392 
112} 11 3 R88i 9. 86418 
130| 12 3 870 445 
147; 18 4 85 471 
9. 77164) 14 4/10. 22836 498 
15 181| 15 4 819 524 
16 199} 16 65 801 561 
17 216} 17 65 784 577 
18 233} 18 5& 76 603 
19 250| 19 5] _—_75C 630 
2681 20 6 73 656 
285) 21 6 715) & 86683 
302|} 22 6 698 709 
@ 77319| 28 7|10 22681 736 
336, 24 7 66+ 762 
25 353| 26 ~ 64 789 
26 370| 26 7 630 815 
27 387; 27 8 61 842 
28 405, 28 8 59 868 
29 4221 29 8 578| 894 
30 439| 30 9 561 921 
31 456, 31 9 §44 947 
32 473) 32 9 5271 9. 86974 
33 | 9.77490) SS 9/10. 22510) 9. 87000 
34 507| 34 10 493 027 
35 5241 36 10 476 053 
36 541] 386 10 459 079 
37 558| $7 11 442 106 
38 575| 88 11 425 132 
39 592; 39 11 408 158 
40 609} 40 Il 391 185 
41 626] 4l 12 374 211 
42 | 9.77643! 42 12/10. 22357) 9. 87238 
43 660| 43 12 BA 264 
44 677| 44 13 323 290 
45 694, 46 13 306 317 
46 71li 46 13 289 343 
47 728| 47 13 272 369 
48 7441 48 14 256 396 
49 761| 49 14 239 422 
50 778| 60 14 222 448 
51 | 9&77795| Sf 15)10. 22205) 9. 87475 
52 8121 62 15 188 501 
53 829} 63 15 171 527 
54 8461 54 15 154 554 
55 862} 65 16 138 580 
56 879| 66 16 121 606 
57 896| 67 16 104 633 
58 913} 48 16 087 659 
59 930! 69 17 070 685 
60 | 9.77946) 60 17/10. 22054] 9. 87711 
o 
? ” Diff. 
126° cos sec cot 


§41524°—43——42 


* Diff. 
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TABLE 33. 
Logarithms of Trigonometric Functions. 


9. 87711 
7 7 


0 

38) 1 
764, 8 
790; $8 
817] 4 
843, 6 
869; 6 
895} 7 
922) 8 
9 


21 032 

A 21110. 11006 

9. 89020} 40 22)10. 10980 248 
04 22 


@ = BO im OV ONO 


2 5 26 745 337 
9. 89281] 60 26/10. 10719]10. 10347 


Diff. 
cot . fan csc 


cn, 


38° sin 


S 
’ 


9. 78934 
967 


OTH Cu *® ON = © 


TABLE 33. 
Logarithms of Trigonometric Functions. 


tan 


9. 89281 
307 


csc 
” Diff. 
O 0/10. 21066 
1 0 050 
2 1 033 
DJ 017 
4 1/10. 21001 
6 1/10. 20985 
6 2 969 
7 2 953 
8 2 937 
9 2 921 
10 3 905 
11 3 889 
18 3 872 
18 3/10. 20856 
14 4 840 
16 4 824 
16 64 808 
17 ‘5 792 
18 & 776 
19 5 760 
20 «5 744 
21 = 6)10. 20728 
22 66 71 
23 66 696 
24 6 681 
25 7 665 
26 7 649 
27 7 633 
28 7 617 
29 810. 20601 
so 8 585 
Si 8 569 
82 8 553 
88 9 537 
84 __ 9 522 
85 69 506 
36 10/10. 20490 
87 10 474 
88 10 458 
89 10 442 
40 Il 427 
41 ll 411 
42 ll 395 
438 11 379 
44 12/10. 20364 
45 12 348 
46 12 332 
47 12 316 
48 13 301 
49 13 285 
60 13 269 
61 14 254 
62 14/10. 20238 
63 14 222 
54 14 207 
56 15 191 
66 165 175 
57 15 160 
68 15 144 
59 16 


128 
16/10. 20113 


sec 


cot 


ae eres | cee cree ee | ee 


cot sec 

’ Diff. 

O 0/10. 10719/10. 10347 
1 0 693 357 
2 1 667 367 
8 1 641 376 
4 2 615 386 
5 2 589 396 
6 3 563 406 
7 3/10. 10537 416 
8 3 511 426 
9 4 485 436 
10 4 459/10. 10446 
11 5 433 456 
12 «8 407 466 
18 6 381 476 
14-6110. 10355 486 
15 6 329 496 
16 7 303 505 
17. 7 277 515 
18 8 251 525 
19 8 225 535 
20 6«9 199/10. 10545 
21 9110. 10173 555 
22 10 147 565 
23 10 121 575 
24 10 095 585 
2 11 069 595 
26 11 043 605 
27 12/10. 10017 615 
28 12/10. 09991 625 
29 13 965 636 
30 13 939/10. 10646 
31 13 914 656 
$2 14 888 666 
83 14 862 676 
84 15 836 686 
36 15 810 696 
S86 16)10. 09784 706 
87 16 758 716 
88 16 732 726 
89 17 706 736 
40 17 680/10. 10746 
41 18 654] 756 
42 18 629 767 
43 19 603 777 
44 19/10. 09577 787 
46. 19 551 797 
46 20 525 807 
47 20 499 817 
48 21 473 827 
49 2) 447 838 
60 22 422110. 10848 
61 22 396 858 
52 22 370 868 
63 23/10. 09344 878 
54 23 318 888 
65 24 292 899 
56 24 266 909 
57 25 241 919 
58 25 215 929 
59 26 189 940 
60 26/10. 09163/10. 10950 
’ Diff. 


tan 


[Page 255 
fe) 

wasn cos +14] 
: + 

td 

Oo O| 9. 89653] 60 
1 0 643] 59 
¢ 0 633] 58 
s 1 624] 57 
4 1 614] 56 
6. 1 604| 55 
6 1 594] 54 
7 JI 584) 53 
8 1 574] 52 
9 2 564] 51 
10 2) 9. 89554] 50 
11 2 5441 49 
1g 2 534] 48 
18 524] 47 
14 2 514] 46 
16 3 504| 45 
16 3 495) 44 
17 3 485| 43 
18 3 475| 42 
19 3 465) 41 
20 ~=3| «9. 89455) 40 
21 4 445] 39 
22 = 4 435| 38 
23 4 425| 37 
2, 4 415] 36 
25. «4 405] 35 
26 «4 395] 34 
27 «5 385] 33 
28 65 375| 32 
29 «(65 364] 31 
30. ~—s«BsS&9. 89354] 30 
$1. 5 344] 29 
$2. «5 334] 28 
$3 6 324] 27 
84. 6 314] 26 
35. 6 304] 25 
36 6 294) 24 
387 6 R4i 23 
$8 6 274) 22 
39 7 264) 21 
40 +~=7| 9. 89254] 20 
Al @ 441 19 
4267 233] 18 
43 223] 17 
4h 7 213] 16 
45 8 203] 15 
46 8 193] 14 
4y 8 183] 13 
48 8 173] 12 
49 8 162) 11 
60 8| 9. 89152) 10 
61 9 1421 9 
62 9 1321 8 
68 9 122, 7 
64 9 112) 6 
65 9 101] 5 
66 9 091] 4 
67 10 081] 3 
68 10 O71) 2 
59 10 060; 1 
60 10) 9.89050! Oo 
a 

” Diff. ; t 
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TABLE 33. 
Logarithms of Trigonometric Functions. 
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21 032 
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954 258 
92 268 
901/10. 10278 
876 288 
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TABLE 33. 
Logarithms of Trigonometric Functions. 


tan 


9. 89281 
307 


csc 
O 0/10. 21066 
i 0 050 
2 1 033 
Ss 1 017 
4 110. 21001 
6 1/10 20985 
6 2 969 
7 2 953 
8 2 937 
9 2 921 
10 3 905 
11 3 889 
12 3 872 
18 3/10. 20856 
14.24 840 
16 4 824 
16 4 808 
17 6 792 
18 5§& 776 
19 § 760 
20 5 744 
21 = 6/10. 20728 
22 66 712 
28 6 696 
24 6 681 
25 7 665 
26 7 649 
27 7 633 
28 7| 617 
29 = 810. 20601 
30 8 585 
S31 8 569 
32 8 553 
83 9 537 
34 9 522 
35 69 506 
86 10/10. 20490 
87 10 474 
88 10 458 
89 10 442 
40 ll 427 
41 ill 411 
42 il 395 
43 11 379 
44 12/10, 20364 
45 12 348 
46 12 332 
47 12 316 
48 13 301 
49 13 285 
60 13 269 
61 14 254 
62 14/10. 20238 
63 14 222 
64 14 207 
66 15 191 
56 15 175 
67 15 160 
68 15 144 
59 16 128 
60 16/10. 20113 
8eC 


cot 


——_—— eee | ee ccf rr OEE 


cot sec 

” Diff. 

O 0/10. 10719]10. 10347 
1 0 693 357 
2 1 667 367 
$3 1 641 376 
4 2 615 386 
6 2 589 396 
6 63 563 406 
7 3110. 10537 416 
8 3 511 426 
9 4 485 436 
10 4 459/10, 10446 
11 5 433 456 
12 «8 407 466 
18 6 381 476 
14 «6/10. 10355 486 
16 6 329 496 
16 7 303 505 
17 7 277 515 
18 8 251 525 
19 8 225 535 
20 =6«9 199]10. 10545 
21 9110. 10173 555 
22 10 147 565 
23 10 121 575 
24 10 095 585 
25 «11 069 595 
26 11 043 605 
27 12/10. 10017 615 
28 12/10. 09991 625 
29 13 965 636 
30 13) 939/10. 10646 
$1 13 914 656 
$2 14 888 666 
88 14 862 676 
34 15 836 686 
36 15 810 696 
36 16/10. 09784 706 
87 16 758 716 
88 16 732 726 
$9 17 706 736 
40 17 680/10. 10746 
41 18 6544 756 
42 18 629 767 
48 19 777 
44 19]10. 09577 787 
"465 19 #551 797 
46 20 525 807 
47 20 499 817 
48 21 473 827 
49 21 447 838 
50 22 422/10. 10848 
61 22 396 858 
62 22 370 868 
63 23/10. 09344 878 
54 23 318 888 
66 24 292 899 
56 24 266 909 
57 25 241 919 
58 25 215 929 
59 26 189 940 
60 26/10. 09163]10. 10950 
"’ Diff. 


tan | csc 
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Page 256] TABLE 33. 
Logarithms of Trigonometric Functions. 


39°> sin | csc tan 
j ad ? ° 
4 Diff. Diff Diff 
9.79887, O 010. 20113] 9.90837) 0 0 0 0 
903 f 097 863 Le ig r J 
918) 2 1 082 889) 2 1 2 O 
934 3 1 066 914 S$ I fae 
___-950)_ 4 05948) 4 1 
965, 46 1 035 966 5 2 a Sie 
981 G 2 019} 9.90992} 6 3 (oe | 
9. 79996 7 2/10. 20004) 9.91018 7 33 ht | 
9.80012} 8 2/10. 19988 043) 8 3 he | 
027, 9 2 973 069) 9 4 > 9g 
043} 10 3 957 095} 10 4 iam Fae 
058) JI 3 94 121; 11 5 11 
074, 12 3 926 147} 12 6& 19¢- 3 
089} 13 3 911 172; 13 6 138 2 
105} 14 4 895 198} 14 6 14 
120; 15 4 880} 9.91224, 15 6 146. 6 3 
136, 16 4 864 250| 16 7 16 
151) 17 4 849 276, 17 7 ‘Tr -% 
166) 18 5 834 301; 18 8 18 
9.80182} 19 5/10. 19818 327; 19 8 i . a 
197} 20 6&5 803 353} 20 9 156 290 a 844 
213) 21 45 78 379} 21 9 91 4 
228; 22 6 772 404, 22 9 22 4 
244, 23 6 756 430} 238 10 23 A 
259| 24 6 741 456} 24 10 24 
274, 25 6 726] 9.91482) 25 11/10. 08518 25 «64 
290| 26 7 710 507} 26 Ill 26 
305} 27 7 695 633) 27 12 27 65 
320) 28 7 680 559} 28 12 28 5 
336, 29 7 664 585| 29 12 29 5 
9.80351; 380 810. 19649 610} 30 13 — 30 5 
366) 31 8 634 636} 31 13 31 
382} 32 8 618 662; 32 14 382 6 
397, 33 8 603 688} 33 14 33 ; 
412} 34 9 588 713) S84 15 34 
428} 35 9 572] 9.91739] 385 15/10. 08261 35.)6—ClC«@G: 
443) 36 9 557 765| Sé6 15 36 ; 
458| 37 9 542 791| 37 16 3yY«g 
473| 388 10 527 816} 38 16 388 
489| 39 10 511 842| 39 17 39 7 
9. 80504) 40 10/10. 19496 868} 40 17 40 7 
519} 41 10 481 893) 41 18 41 i 
534, 42 Ili 466 919} 42 18 4g 
550} 43 11 450 945} 43 18 43 
565) 44 11 435 971} 44 19 yy a. 
580| 45 12 420] 9.91996) 45 19/10. 08004 i? ae 
595| 46 12 405] 9.92022) 46 20 Y aa. 
610} 47 12 390 048} 47 20 47 8 
625} 48 12 375 073| 48 21 48 8 
641] 49 13 359 099} 49 21 49 = § 
9. 80656} 460 13/10. 19344 125; 60 21 50. 
671; 41 13 329 150} 41 22 61 9 5211 9 
686} 452 13 314 176, 62 22 62 9 510; 8 
701; 43 14 299] 9.92202} 463 23/10. 07798 58 9 499) 7 
716} 54 14 284 227| 54 23 54 Q 4891 6 
731| 65 14 269 253| 55 24 66 10 4738| 5 
746| 66 14 254 279| 56 24 56 10 4683, 4 
762| 57 15 238 304] 57 24 57 10 45 3 
777| 68 15 223 330) 68 25 58 10 44 9 
792} 69 15 208 356} 69 25 59 10 4361 1 
9. 80807| 60 15)10. 19193) 9.92381) 60 26/10. 07619)10. 60 10) 9.8842 0 
/ a ee 
t "en; "en; rb Xe b 
129° ~cos Dif. | sec cot ia me | ate 7S 0° 


BiGiizediby Google 


TABLE 33. 
Logarithms of Trigonometric Functions. 


tan 


891 


4 
= 


© Coz @W Gris & %B® ™O 


© © Bl © 60 00 00! 60 00 00 59 NI] 99 93 83 D2] 2 2 OD & Cl C1 4 G1 On a] ee ee oe oe | 69 69 09 69 GO! G9 BOD DG DO] DD et et et st] bt et © OO © 


Re, | A | A | co fone | OSes, 


40° sin csc 
’ Diff. 
, 
@ | 9 80807; 9O 0/10. 19193 
1 822} 1 O 178 
2 837} 8 0 163 
3 852; $s 1 148 
4 867} 4 1 133 
5 882, 6 1 118 
6 | 9.80897; 6 1/10. 19103 
7 912; 7 2 088 
8 927, 8 2 073 
9 942} 9 2 058 
10 957, 10 2 043 
1] 972; 11 3 028 
12 | 9.80987] 12 3/10. 19013 
13 | 9. 81002) 18 3/10. 18998 
14 O17] 14 3 983 
15 032; 15 4 968 
16 047, 16 4 953 
17 061) 17 4 939 
18 O76; 18 4 924 
19 091; 19 5 909 
20 106} 20 6& 804 
21 |} 981121} 21 5/10. 18879 
22 136} 22 5 864 
23 151} 28 6 849 
24 166} 24 6 834 
25 180; 25 6 820 
* 26 195} 26 6 805 
27 210; 27 7 790 
28 225, 28 7 775 
29 | 9.81240} 29 710. 18760 
30 254 30 7 746 
31 269, 31 8 731 
32 284, 32 8 716 
33 299} 3S 8 701 
34 314] 34 8 686 
35 328, 36 9 672 
36 343) 36 9 657 
37 | 9.81358) 37 9110. 18642 
38 372) 38 628 
39 387} 39 10 613 
40 402; 40 10 598 
41 417) 41 10 583 
42 431} 42 10 569 
43 446] 438 554 
44 | 9.81461] 44 11/10. 18539 
45 475| 45 11 525 
46 490} 46 11 510 
47 505} 47 12 495 
48 519} 48 12 481 
49 534, 49 12 466 
50 5491 60 12 451 
51 563} 51 13 437 
52 | 9.81578} 52 13/10. 18422 
53 592) 53 13 408 
54 607; 54 13 -393 
55 622; 65 14 378 
56 636) 56 14 364 
57 651] 67 14 349 
58 665] 58 14 335 
59 680; 69 15 320 
60 | 9. 81694) 60 15/10. 18306 
a 
: " Diff. 
130° cos sec 


cot sec 
ve Diff 

O O10. O7619}10. 11575 

1 O 593 585 

8 1 567 596 

$s 1 542 606 

4 2 516 617 

5§ 2 490 628 

6 3110. 07465 638 

Y 3 439 649 

8 8 413 660 

9 4 388 670 
10. 4 362/10. 11681 
11 5 33 692 
18 810. 07311 702 
18 6 285 713 
14 6 260 724 
16 8 234 734 
16 7 208 745 
17 7 183 756 
18 8110. 07157 766 
19 8 182 777 
20 69 106/10. 11788 
21 9 080 799 
22 9 055 809 
23 10 029 820 
24 10/10. 07004 831 
25 11/10. 06978 842 
26 11 952 852 
27 12 927 863 
28 12 901 874 
29 12 876 885 
80 13 850/10. 11895 
81 13 825 906 
$2 14/10. 06799 917 
8$ 14 773 928 
$4 14 748 939 
85 15 722 949 
S36 15 697 960 
87 16 671 971 
88 16 646 982 
389 17/10. 06620/10. 11993 
40 17 594/10. 12004 
41 17 569 015 
42 18 543 025 
43 18 618 036 
44 19] - 492 047 
46 19 467 058 
46 20/10. 06441 069 
47 20 416 080 
48 20 390 091 
49 21 364 102 
60 21 339/10. 12113 
51 22 31 123 
§@ 22 2 134 
63 23/10. 06262 145 
54 23 237 156 
56 23 211 167 
56 24 186 178 
57 24 160 189 
58 25 aa 200 
59 25 ] 211 
60 26)/10. 06084]10. 12222 

” Diff 


[Page 257 
cos +] 39° 

d 

? 

9. 88425] 60 

415} 59 

4041 58 

394] 57 

383] 56 

372) 55 

362] 54 

351] 53 

340} 52 

330] 51 

9. 88319] 50 

308] 49 

298] 48 

287) 47 

276) 46 

266] 45 

255] 44 

244] 43 

234} 42 

223] 41 

Q@ 88212} 40 

201] 39 

191] 38 

180] 37 

169] 36 

158] 35 

148] 34 

137] 33 

126] 32 

115] 31 

9. 88105] 30 

094; 29 

083] 28 

072] 27 

061] 26 
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Page 258] TABLE 33. 
| Logarithms of Trigonometric Functions. 


065}10. 12666 
039 678 
10 703] 9. 94986} 42 18/10. 05014 689 


0 

1 058 233 

g 033 244 

3 0. 06007 255 

5 0. 05982 266 

6 956 277 

6 931 288 

7 905 209 

8 880 310 

9 854 321 

10 §29]10. 12332 

11 343 

12 10. 05778 354 

18 752 365 

1h 727 376 

15 01 387 

16 676 399 

17 650 410 

18 625 421 

19 10. 05599 432 

20 574|10. 12443 

£1 8 

22 523 465 

23 497 476 

ry 472 487 

26 446 499 

26 421 510 

£7 11/10. 05398 521 

£8 370 532 

29 345 543 

30 319110. 12554 

$1 294 566 

$e 268 577 

$8 243 588 

ry, 14110, 05217 599 

36 192 610 

36 166 622 

37 141 633 

38 116 644 

39 

40 

¥ 

42 297| 42 

43 311} 43 10 689] 9.95012] 4$ 18]10.04988| 700 
44 326, 44 10 674 037} 44 19 963 712 
45 | 9. 82340| 46 11|10. 17660) 062| 46 19) 938] 723| 46. 8 
46 354 46 11 646 o8ss| 46 20 912 734 
47 368| 47 11 632 113} 47 20 887 745 
48 382| 48 11 618 139] 48 20 861 757 
49 396] 49 12 604 164] 49 21 836 768 
50 410| 60 12) 690 190) 50 21] 81010. 12779 
51 424| 61 12 576] 9.95215| 51 22/10. 04785 791 
52 | 9.82439] 52 12110.17561 240| 58 22 760 802 
53 453| 53 18 547 266| 53 22 734 813 
54 467| 54 18 533] 291 «64 23 700] . 825 
55 481| 66 13] 619 317| 66 23 683 836 
56 495| 56 13 505 342| 56 24 658 847 
57 509| 57 14 491 368| 57 24 632 859 
58 523| 58 14 477 393| 58 25 607 870 
5 537| 59 14 463} 418] 569 25 582 881 
60 | 9.82551] 60 14/10. 17449] 9.96444] 60 25/10. 04556]10. 12893 
, 

t ” Diff. Diff. 


1 31° cos sec cot tan csc 


TABLE 33. 
Logarithms of Trigonometric Functions. 


795}10. 13237 
13 769 248 
14/10. 03744 260 
14 71 


9 272 
14 693 283 
15 668 295 


17 
18)10. 03490 376 
18 465 388 
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eee 4 oe Seess 
fo -EN fo +k) = BD OO m C1] OD 93 O © 


48 
21 313 458] 49 


21 288}10. 13470; 50 10 1 
22110. 03262 482; 61 10 
22 237 493 os 10 


Eo | Ce fl ee 


14 635 940 25 060 575) 69 11 
14/10. 16622} 9. 96966} 60 25/10. 03034/10. 13587) 60 12 


Or WAP OVO IDO 


t ” Diff. " Diff. ’ Diff. , 
132° cos Dit.) sec cot | tan csc sin 47° 


csc 


0 020 
10/10. 16007 
10)10. 15994 
11 980 
11 967 


ll} 954 


11 94] 
12 928 
12)10. 15915 
12 902 


12 888 


12 875 
13 862 
13 849 
13 836 
13}10. 15823 


TABLE 33. 
Logarithms of Trigonometric Functions. 


tan 


9. 96966 
9. 96991 
9. 97016 


168 


548 


953 


9. 97978 


9. 98003 
029 
054 
079 
104 
130 
155 
9. 98180 
206 


231 


256 
281 
307 


9. 98332 


357 
383 
408 
433 
458 
9. 98484 


——_—— OO OC kl 


cot sec 
” Diff Diff. 
0 O}10. 03034 10. 13587; 0 O 
1 599 | 
2 2 0 
3 g 4 
4 4 1 
6 is | 
6 a | 
7 7 3 
8 s, 2 
9 9. 3 
10 io. 2 
11 li. 3 
12 13 <3 
13 —. 
14 wz  ¥ 
15 16 3 
16 16 8 
17 7 83 
18 18 4 
19 19 4 
20 20 «4 
21 21 4 
22 22 «64 
23 23 «#8 
24 10/10. 02427 2h 65 
25 25 ~=C«OB 
26 11 376 896] 26 5 
27 11 351 908} 27 5 
28 12 326 920| 28 6 
29 12 300 932} 29 6 
30 13 275 944. 30 6 
BS As 250 956] 31 6 
82 13)10. 02224 968} $2 6 
383 14 199 980} 33 7 
34 14] 174/10. 13992| 34 7 
36 15 1491/10. 14004 35 7 
36 15 123 016} 36 7 
37 16 098 028} 37 7 
38 16 073 040} 38 8 
39 16 047 052} 39 8 
40 17\10. 02022 064. 40 8 
41 17\10. 01997 076] 41 8 
42 18 971 088s} 42 8 
4s 18 946]10. 14100} 43 9 
44 19 921 112} 44 9 
46 19 896 124, 46 9 
46 19 870 136] 46 9 
i? 20 845 149} 47 9 
48 20/10. 01820 161} 48 10 
£9 91 794] —«:173| 49 (10 
60 21 769 185} 60 10 
61 22 744 197} 51 10 
§2 22 719}10. 14209] 62 10 8 
53 22 693 Sor 63: 41 779| 7 
54 23)10. 01668 234, 64 11 766] 6 
65 23 643 246, 65 il 754, 5 
56 24 617 258] 66 11 74 4 
57 24 592 270| 67 11 730] 3 
58 24 567 282) 58 12 718} 2 
69 25 542 2944 69 12 706} 1 
60 25/10. 01516]10. 14307) 60 12) 9.85693] 0 
” Diff ” Diff. , t 
tan csc «46° 


| | 
Digitized by Se) OS le 


TABLE 33. 
Logarithms of Trigonometric Functions. 


csc cot sec 


© Co 82 BD Ts Co to MO 


10. 01516]10. 14307 
319 


10. 15692 
7 


087 515 
061/10. 14527 
036 540 
10. 01011 552 


9/10. 00985 564 
960 577 
935 589 


910 601 
859 626 


13/10. 00758 676 
733}10. 14688 
707 701 
682 713 
657 726 
632 738 
606 750 
581/10. 14763 
775 
531 788 
17/10. 00505 800 
480 813 
455 825 
430 838 
404 850 
86 
354j10. 14875 
8 888 
303 900 
278 913 
21/10. 00253 926 
227 938 
202 951 
177 963 
152 976 
126]10. 14988 
101}10. 15001 
076 014 
051 026 
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cos «135° 
4 


36 


ed LS edd apd ell nen meme Pease 
TC © O| = DO Go H 01 DIT OO © ONO OO 
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fe) 


sin <4 


oh om @° & 


Log. Hav. |Nat. Hav. 


TABLE 34. 


Haversines. 


Oh om 6° 30/ 
Log. Hav. |Nat. Hav. [Log. Hav. |Nat. Hav. 
0.00002 | 5.88168 | 0.00008 


5.27963 
29399 


30811 | 


0.00007 
-00008 
0.00008 


Oh 4m 1° @ 


5.91016 | 0.00008 


91714 
92406 
93093 


-00008 
-00008 
-00009 


5.93774 | 0.00009 


23h 55m 
Oh 5m 1° 


6.07550 
08127 


6.18421 
_ 18930 
19437 
.19940 
6.20441 
.20938 
21433 
21925 
6.22415 
.22901 
6.23385 


0.00012 
-00012 


Oh 6m 1° 3Y 


og. Hav. |Nat. Hav. 


6.23385 
.23866 
24345 
24821 

6.25294 
25765 
-26233 
-26699 

6.27162 
-27623 
-28081 
~28037 


6.28991 


29442 
-29891 
30337 

6.30781 
31223 
31663 
.32101 


6.32536 
.32969 
.33400 
-338 29 

6.34256 
34681 
.39103 
-30024 


6.35943 
6.36359 


0.00017 
00017 
00018 
-00018 


0.00023 | 6.57955. 


2Sh 53m 
Oh 7m 1° 3Y 


6.36774 
.37186 
37597 


ee ee 
3 $3223332 


00031 
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TABLE 34. [Page 268 
Haversines. 
Ob 10™ 2° 3Y Os 12m 3° Oh 14m 3° 30 Os 16m 4° & Os 18m 4° 3Y 
8 ¢ | Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav J Log. Hav.| Nat. Havj Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav 
O 01 6.67751 | 0.00048 | 6.83584 | 0.00009 | 6.96970 | 0.00093 | 7.08564 | 0.00122 | 7.18790 | 0.00154 
2 .68040 | .00048 97176 | .00094] .08745| 001227 .18950] .00155 
4+ 1] .68328| .00048 .97382 | 000047 .08925| .001237 .19111| .00155 
6 -68615 | .00049 .97588 | .000857 .09105| .00123] .19271]| .00156 
8+ 2 16.68901 | 0.00049 6.97793 | 0.00095 | 7.09284 | 0.00124 | 7.19430 | 0.00156 
10 .69186 | .00049 .97997 | .00085 7 .09464| 00124] .19590| .00157 
22+- 3] .69470| .00050 ° .98201 | 000967 .09642| .00125] .19749| .00158 
14 .69754 | .00050 e 98405 | .600867 .09821 | .00125] .19908| .00158 
16+ 4 16.70036 | 0.00050 0.00072 | 6.98608 | 0.00097 f 7.09999 | 0.00126 I 7.20066 | 0.00159 
18 .70318 | .00050 000727 .98811 | .000877 .10177| 001267 .20225| .00159 
20+ & | .70598| .00051 e .99013 | .000087 .10354| .00127] .20383] .00160 
22 .70878 | .00051 99214 | .000987 .10531| .001277 .20540| .00160 
24+- 6 16.71157 | 0.00051 6.99416 | 0.00099 | 7.10708 | 0.00128 I 7.20698 | 0.00161 
26 -71435 | 00052 6.99616 | .000897 .10884] 001287 .20855| .60162 
28+ 74 .71712| .00052 6.99817 | .001007 .11060/ .001297 21012] .00162 
$0 -71988 | .00052 7.00017 | .00100] .11236| .001307 .21168{ .00163 
$2+ 8 1 6.72263 | 0.00053 7.00216 | 0.00101 | 7.11411 | 0.00130 | 7.21325 | 0.00163 
$4 .72537 | 00053 00415] .00101 11586 | 60131] .21481]} .00164 
386+ 91 .72811| .00053 .00613 | 00161] .11760| 00131] .21636|] .00165 
88 -73084 | 00054 .00811 |} .001027 .11934| .60132] .21792/ .00165 
40+10 | 6.73355 | 0.00054 7.01009 | 0.00102 | 7.12108 | 0.00132 I 7.21947 | 0.00166 
2 -73626 | 00054 .01206 | .001037 .12282| .00133] .22102; .00160 
44+11 ] .73896 | .00055 .01403 | .00103 7 .12455{| .00133] .22256) .00167 
.74166 | .00055 .01599 | .00104] .12627| 00134] 22411] .00168 
48-+12 | 6.74434 | 0.00056 7.01795 | 0.00104 | 7.12800 | 0.00134 1 7.22565 | 0.00168 
50 -74702 | 1.00056 .01990 | .001057 .12972;| .00135] .22718| .00169 
52+-13 | .74969| .00056 .02185| .00105) .13144] .00135] .22872| .00169 
54 -75235 | 00057 __ 02379 * 001067 .13315| .001367 .23025! .00170 
66+14 1 6.75500 | 0.00057 7.02573 | 0.00106 | 7.13486 | 0.00136 [7.23178 | 0.00171 
6.75764 | 0.00057 7.02767 | 0.00107 | 7. 7.23331 | 0.00171 
28h 49m 23h 45m 28h 41m 
0+-15 | 6.76028 | 0.00058 | 6.90535 | 0.00080 | 7.02960 7.13827 7.23483 | 0.00172 
2 -76290 | .00058] .90757 | 000817 .03153 13997 .23630 | 00172 
76552 | 1.00058] .90979| 00081) .03345 14167 .23787 | 00173 
.76814 | 1.00059] .91200| .00082— .03537 14337 .23939 | 00174 
6.77074 | 0.00059 | 6.91421 | 0.00082 I 7.03729 7.24090 | 0.60124 
.77334 | 00059] .91641| .00082 .24241 | 00175 
.77592 | 000607 .91860| .00083 .24392 | 00175 
.77851 | 2000007 .92079| .00083 .24543 | 00176 
6.78108 | 0.00060 I 6.92298 | 0.00084 7.24693 | 0.00177 
-78364 | 00061] .92516] .00084 .24843 | 00177 
-78620 | 00061] .92733 | .00085 .24993 | 00178 
.78875 | 000617 .92950| .00085 .25143 | .00178 
6.79129 | 0.00062 | 6.93166 | 0.00085 7.20292 | 0.00179 
-79383 | .00062] .93382 {| .00080 20441 
-79630 | .00063 7 .93597 | .00086 .20090 
.79888 | .00063F .93812| .00087 .20738 
6.80139 | 0.00063 | 6.94026 | 0.00087 7.25886 
.80390 | 000647 .94239| .00088 .26034 
80640 | 000647 .94453 | .00088 .26182 
.80889 | .00064]7 .94665/| .00088 .26330 
6.81137 | 0.00065 | 6.94877 | 0.00089 7.26477 
.81385 | .00065 9 .95089} .00089 .26624 
.81632 | 000607 .95300| .00000 .26771 
.81879 | 000067 .95510| .00096 .26917 
6.82124 | 0.00060 | 6.95720 | 0.00091 7.27064 
82369 | .000677 .95930| .00091 27210 
82614 | .00067] .96139] .00091 -27300 
82857 | .00067] .96347| .00092 27001 
56+-29 | 6.83100 | 0.00068 I 6.96555 | 0.00092 
58 .83342 | .00008] .96763 | .00083 


60+-38 | 6.83584 | 0.00060 I 6.96970 
284 48m 


23% 46m 


Ob 26" 6° BY =| 05 28" 7° 
.| Nat. Hav4 Log. Hav.) Nat. Havd Log. Hav.) Nat. Hav. 


SFERISSKLFSSSRESSHTSISS | & 


gE EEE 


7.39815 
7.39941 


7.59979 
7.60079 


OF) 5-6 Oa ss 


SeLSEESHLSSS|@ 


mt 
22 
sittt 


85643 | .00719 
7.85717 | 0.0072 
7.85791 | 6.00721 


25h Zim 


0.00648 


3 7] 08 31m 7° 30/ Os $7m 9° @ 
0445 | 7.65964 | 0.00457 7.81303 | 0.00650 
81382 | .00051 

81459 | .00653 

81537 | .00654 

7.71735 7.76816 7.81615 | 0.00655 

71822 76898 81693 | .00656 

71909 76981 81771 | .00057 

71996 81848 | .00658 

7.72083 7.81926 | 0.00660 

72170 82003 | .00661 

72257 82081 | .00662 

72343 82158 | .00663 

24-+21 | 7.67075 | 0.00469 | 7.72430 7.82235 | 0.00664 
26 67167 | 004701 .72516 82313 | .00065 
28-4223 | .67259| 004711 72603 82390} .00067 
30 67351] .00473] .72689 82467 | .00668 
$2-+28 | 7.67443 | @.00478 | 7.72775 7.82544 | 0.00669 
34 67535 | 004741 72861 82621 | .00670 
$6-+24 1 .67626| £00475) .72948 82698 | .00071 
$8 67718 | .004761 .73034 827741 .00673 
> 40-25 | 7.67809 | 0.00477 | 7.73119 7.82551 | 0.00674 
42 67900 | 004781 .73205 82928 | .00675 
44+-26 | .67991} .004791 .73291 83004 | .00676 
48 68082 | 00480] .73377 83081 | .00677 
48-+21 |7.68173 | @.00481 | 7.73462 7.83157 | @.00079 
50 68264 | 00482) .73548 83234 | .00680 
62-+28 | .68355| 00483] .73633 83310 | .00681 
68445 | .00484] .73718 83386 | .00682 


7.83463 | 0.00683 
00614] .83539 | .00685 
00616 | 7.83615 | 0.00686 


23h 22m 28h 20m 


iw ini wr 


0» 40™ 10° @ 
8 * | Log. Hav.| Nat. Havd Log. Hav.| Nat. Hav] Log. Hav.) Nat. Hav] Log. Bav.| Nat. Hav] Log. Hav. 
O 01 7.88059 | 0.00760 | 7.92286 | 0.00837 | 7.96315 | 0.00919 | 8.00163 | 0.01004 | 8.03847 60 
2 88131} 00761} .92354| .00839] .96380| .00920§ .00226| .01005 58 
4+ 1] .88203| 00762] .92423| .00840] .96446| .06921— .00289; .01007 56 
6 88276 | 00763) .92492| .00841§ .96511| .00923] .00351; .01008 54 
8+ 2 | 7.88348 | 0.00765 | 7.92560 | 0.00843 | 7.96577 | 0.00924 | 8.00414 | 0.01010 52 
10 88419 | 00766) .92629| .00844] .96642| .00926] .00476| 01011 50 
12+- 3] .88491| .00767} .92697| .008451 .96707| .009271 .00539| .01012 48 
14 .88563 | 00768] .92766| .00847] .96773] .00928] .00601| .01014 46 
16+ 4 1 7.88635 | 0.00770 | 7.92834 | 0.00848 | 7.96838 | 0.00930 | 8.00664 | 0.01015 44 
18 88707 | 00771 .92902| .00849]7 .96903| .00831] .00726| .01017 42 
20+ 5] 88778} .00772]7 .92970| .00851] .96968| .60033] .00788| .61018 40 
22 88850 | .00774§ .93039 | .00852] .97033| .00934]7 .00851/ .01020 88 
24+ 6 [7.88921 | 0.00775 | 7.93107 | 0.00853 | 7.97098 | 0.00935 | 8.00913 | 0.01021 
26 88993 | 00776] .93175| .00855} .97163| .00037] .00975| .01023 
28+ 7] .89064| 00777 .93243| .00856] .97228/ .00838] .01037; .01024 
80 89135 | .00779— .93311| .00857] .97293 | .00040) .01099/| .01026 
82+ 8 | 7.89207 | 0.00780 | 7.93379 | 0.00859 | 7.97358 | 0.00041 | 8.01161 | 0.01027 
34 89278 | OO7811 .93447 | .00860] .97423; .00942) .01223) .01029 
86+ @] .89349| 00783) .93514| 00861} .97478| .00944] .01285| .01030 
388 89420 | 007847 .93582 | .00863] .97552| 00045] .01347/| .01032 
40+-10 | 7.89491 | 0.00785 I 7.93650 | 0.00864 | 7.97617 | 0.00947 1 8.01409 | 0.01033 
42 89562 | .00786] .93717| .00865} .97681| .00848) .01471/| .01634 
44411 | .89633 | .00788] .93785| .00867] .97746| .00840} .01532] .01036 
.89704 | .00789]7 .93852| .00868} .97810|. 00851) .01594| .01037 
48+12 | 7.89775 | 0.00790 | 7.93920 | 0.00869 | 7.97875 | @.00952 | 8.01656 | @.01030 
50 89846 | 00792] .93987| .00871] .97939 | .008541 .01717| .01040 
52+18 | .89916| 00793) .94055] .00872] .98003| .00855] .01779;| .01042 
54 89987 | 007949 .94122| .00873] .98068| .00856] .01840/ .01043 
564+-14 | 7.90057 | 0.00795 | 7.94189 | 0.00875 | 7.98132 | 0.00958 | 8.01902 | 0.01045 
7.90128 | 0.00797 | 7.94257 | 0.00876 | 7.98196 | 0.00959 | 8.01963 | 0.01046 
2S4 19m 284 17m 23h 15" 
a ? Oh 41™ 10° WY O4 48m 10° 3 Oh 45" 11° WY 
0-+15 | 7.90198 | 0.00798 | 7.94324 | 0.00877 | 7.98260 | 0.00961 | 8.02025 
2 .90269 | .007997 .94391 | 00879] .98325| 00962) .02086 
4+16 | .90339| 00801] .94458/] .00880]7 .98389 | .00964) .02148 
6 .90409 | .00802] .94525/ .00882§ .98453 | .00965] .02209 
8+17 1 7.90480 | 0.00803 | 7.94592 | 0.00883 | 7.98517 | 0.00966 | 8.02270 
10 90550 | .008047 .94659 | .00884F .98581 | .00968] .02331 
12+18 | .90620|; .00806] .94726| .00886) .98644;| .00969) .02392 
14 .90690 | 00807) .94792| .008877 .98708| .00971} .02453 
16+-19 } 7.90760 | 0.00808 | 7.94859 | 0.00888 | 7.98772 | 0.00972 I 8.02515 
18 90830 | .008107 .94926; .00890] .98836| 009741 .02576 
20420 | .90900; 00811] .94992| .008917 .98899| .00995) .02637 
22 .90970 | 008127 .95059} 00892] .98963| .00976] .02697 
244-21 1 7.91039 | 0.00814 | 7.95126 | 0.00894 J 7.99027 | 0.00978 | 8.02758 
26 91109 | .00815— .95192| .00895] 99090| .00979]7 .02819 
28+22 7 .91179| 00816] .95259} .00897§ .99154) .00S81 
80 91248} .00817] .95325| .00898] .99217| .00982 
-82+23 | 7.91318 | 0.00819 | 7.95391 | 0.00899 | 7.99281 | 0.00984 
384 91387 | 008207 .95458 | 00001 .99344/ .00985 
86424 | .91457] OO821]7 .95524; .00902] .99407| .00986 
88 91526 | 00823 .95590| .00803} .99470| .00988 
40+25 1 7.91596 | 0.00824 | 7.95656 | 0.00905 | 7.99534 | 0.00989 
42 91665 | 00825] .95722| .00906— .99597/| .00901 
4441-26 | .91734| .00827] .95788 | 00908] .99660; .00892 
91803 | .00828] .95854 | 000097 .99723| .00004 
484-27 | 7.91872 | 0.00829 | 7.95920 | ©.00910 | 7.99786 | ©.06995 
50 91941 | .00831] .95986 | 008127 .99849| .00997 
624-28 | .92010| 008329 .96052| 00913] .99912| .60998 
54 .92079 | .00833] .96118| .000141 7.99975 .00999 
56+29 1 7.92148 | 0.00835 | 7.96183 | 0.00916 | 8.00038 | 0.01001 
58 92217 | .00836— .96249| 00917] .00100; .01002 
60+-30 | 7.92286 | 0.00837 | 7.96315 | 0.00919 | 8.00163 | 0.01004 1 8. 03847 
254 18" 284 16™ 28h 14m 


Od 50™ 12° 3Y 0 52= 13° 04 54" 13° 3Y 0s 56m 14° 0 Ob 58" 14° 3Y 
Log. Hav.| Nat. Hav] Log. Hav.) Nat. Havd Log. Hav.! Nat. Havd Log. Hav.) Nat. Hav] Log. Hav.) Nat. Hav 
8.07379 | @.01185 | 8.10772 8.14035 | 0.01382 | 8.17179 | 0.01485 | 8.20211 | 0.01593 
.07437 | 61187] .10827 .14089 17230 | 01487] .20261| .01594 
.07494| .01188} .10883 14142 17282 | .61489] .20310/ .01596 
.07552 | .01190 .10938 .14195 .17333 | .01491] .20360/| .01598 
8.07610 | 0.01192 | 8.10993 8.14248 8.17384 | 0.01492 | 8.20410 | 0.01600 
.07667 | 01193] .11049 .14302 .17436 | .01494] .20459; .01602 
.07725 | OL195] .11104 .14355 .17487 | .01496] .20509/| .01604 
.07782 | .O11967 .11159 .14408 17538 | .01498 .20558 | .01605 
8.07839 | 0.01198 | 8.11214 8.14461 8.17590 | 0.01499 | 8.20608 | 0.01607 
.07897 | .01199] .11269 14514 17641 | 01501] .20657 | .01609 
.07954 | 01201) .11324 -14567 .17692 | .01503] .20706; .01611 
.08011 | .01203]7 .11379 .14620 17743 | .01605] .20756; .01613 
8.08069 | 0.01204 | 8.11435 8.14673 8.17794 | 0.01506 | 8.20805 | 0.01615 
.08126 | .01206] .11490 14726 .17845 | 01508] .20854; .01616 
.08183 | 01207] .11544 14779 .17896 | .01510] .20904; .61618 
.08240 | .01208]7 .11599 .14832 .17947 | 01512] .20953 | .01620 
8.08297 | 0.01211 | 8.11654 8.14885 8.17998 | 0.01513 | 8.21002 | 0.01622 
.08354 | .O1212] .11709 .14938 18049 | .01615§ .21051| .01624 
.08411 | 01214] .11764 .14991 .18100 | .01517] .21100] .01626 
.08468 | 01215] .11819 .15043 | 01414] .18151] .01519§ .21149| .01627 
8.08525 | 0.01217 | 8.11873 | 0.01314 | 8.15096 | 0.01416 | 8.18202 | 0.01521 | 8.21199 | 0.01629 
.08582 | 61218] .11928| 01316] 15149) 01417) .18253| .01522] .21248| .01631 
.08639 | .01220) .11983| 01317] .15201} 01419] .18303| .01524] .21297| .01633 
08696 | 012227 .12038| O1319] .15254| 01421] .18354| .01526] .21346| .01635 
8.08752 | 0.01223 | 8.12092 | 0.01321 | 8.15307 | 0.01423 | 8.18405 | 0.01528 | 8.21395 | 0.01637 
.08809 | 01225] .12147| 01323] .15359 | 014249 118455] 01530] .21444| .01638 
08866 | 012269 .12201] 013247 .15412/ 014267 .18506| 01531) .21493| .01640 
.08922 | 01228] .12256| 01326] .15464] 014287 .18557| .01533] .21541] .01642 
8.08979 | 0.01230 | 8.12310 | 0.01328 | 8.15517 | 0.01429 | 8.18607 | 0.01535 | 8.21590 | 0.01644 
8.09036 | 0.01231 | 8.12365 | 0.01329 | 8.15569 | 0.61431 | 8.18658 | 0.01537 | 8.21639 | 0.01646 
23h Om 23h Sm 234 Im 


8.10216 
10271 
10327 
10383 

8.10439 
.10494 
-10550 
10605 


8.12419 
12473 
.12528 
12582 


8.12636 
.12691 
12745 
12799 

8.12853 
12907 
12961 
13015 


8.13500 


13554 
13607 
13661 
8.13714 
13768 
13822 
13875 


8.15622 
15674 
15726 


.15779 


8.18709 
18759 
.18810 
18860 

8.18910 
18961 
19011 
.19062 

8.19112 
.19162 
19212 
.19263 


418 .19313 


.19363 
19413 
.19463 
8.19513 
19563 
.19613 
.19663 
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8.21688 
21737 
21785 
21834 


Haversines. 
1A 1m 15° 15’ 14 2m 15° 3Y 1A $m 15° 45’ 
Nat. Havd Log. Hav.| Nat. Havd Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Havj Log. Hav. 
01704 | 8.24567 | .0176118.25971] .01818 | 8.27352 8.28711 
.24591 | O17 .20994 | 01819] .27375 
24614 | 01763] .26017| .01820] .27398 
.24638 | 01764) .26040) .01821) .27420 
8.24661 | .0176418.26064 | 01822 | 8.27443 
24685 | 01765] .26087) .018234 .27466 
24708 | 01766] .26110| .01824) .27489 
24782 | 01767] .26133) .O1825] .27512 
8.24755 | 01768 | 8.26156 | .01826 | 8.27534 
.24779 | 01769] .26179) 018271 .27557 
.24803 | 01770] .26203] .01828] .27580 
.24826 | 1771] .26226} .01829] .27603 
8.24850 | 01772 | 8.26249 | .01830 } 8.27626 
.24873 | O1773] .26272| 1831) .27648 
-24897 | 01774] .26295] .@1832] .27671 
.24920 | 01775] .26318] 01833) .27694 
8.24944 | 01776 | 8.26341 | .01834 | 8.27717 
.24967 | .O1777] .26364] .01835] .27739 
.24991 | .01778] .26388| .@1836] .27762 
.20014| 01779] .26411] .01837] .27785 
8.25037 | .017801 8.26434 | .01838 | 8.27807 
.20061 | 01781 — .26457] .018397 .27830 
20084 | 017821 .26480] .01840]1 .27853 
.20108 | 01783] .26503] .O1841] .27876 
8.25131 | .01784 1 8.26526 | .01842 | 8.27898 
.20155 | 01785] .26549] 1843) .27921 
.25178 | O1786] .26572| 018449 .27944 
.20202 | O1787] .26595| 018454 .27966 
8.25225 | 01788 18.26618 | .01846 | 8.27989 
.25248 | 01789] .26641] .01847 
20272 | O1789] .26664| .01848 
.20295 | 01790] .26687| .01849 
8.25319 | .01791 1 8.26710} .01850 
.25342 | .01792} .26733 | .01851 
.20365 | O1783] .26756| 01852 
.20389 | 017944 .267791 .01853 
8.25412 | .01795 8.26802] .01854 
.20435 | 01796] .26825|] .01855 
.20459 | 01797] .26848 | .01856 
.20482 | 61798] .26871| .01857 
8.25505 | .01799 1 8.26894 | .01858 
29} 01800] .26917| .01859 
25052 | 01801] .26940] .01860 
.20075 | .018027 .26963| .01861 
8.25599 | 1.01803 18.26986 | .01861 
.20622 | .01804] .27009| .01862 
.20645 | 018051 .27032| .01863 
.20669 | .01806 7 .27055] .01864 
8.25692 | .01807 1 8.27078 | .01865 
.20715| 01808} .27100| .01866 
20738 | 01809] .27123| .01867 
25762 | 01810] .27146| .01868 
8.25785 | .0181118.27169 | .01869 
.25808 | .018121 .27192| .01870 
20831} 01813] .27215| 01871 
.20855 | 201814] .27238| 01872 
8.25878 | 01815] 8.27261 | .01873 
20901 | 01816] .27283| 01874 
.20924| $1817] .27306| 01875] . 
.25948 | 01818} .27329| 018764 . 
01761 | 8.25971 | 01818 | 8.27352 | .01877 1 8.28711 
22h 59m 22h 58m 224 57m 


TABLE 34. - 


1h 4m 16° @ 


Nat. Hav 
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Haversines. 


1h 5m 16° 15’ 14 6e 16° 30 14 7m 16° 45’ 14 8m 17° A 14 9m 17° 15’ 


8 Log. Hav.) Nat. Hav Log. Hav.| Nat. Hav. ‘Log. Hav.| Nat. Hav Log. Hav.) Nat. Hav ‘Log. Hav.| Nat. Hav. 8 
0 8.30049 | .0199818.31366 | .02059 1 8.32663 | .0212118.33940 | .02185 1 8.35199 | 022491 60 
1 30071 | .01999 .31388] .02060) .82684 .33962 | 02186) .385220| 02250] 59 
2 30093 | 02000) .31410| 020611 .82706 .33983 | 021874 .385241| 02251] 58 
$ . 


30115 | .02001} .31431 |] .02062] .32727 
+ 177 8.30137 | .0200218.31453 | .02063 | 8.32749 
5 30159 | .02003 7 .31475 | .02064] .32770 
6 .30182 | 02004] .31497 | 02065] .32792 
7 30204 | .02005] .31518 | .02066) .32813 


ne ee Ft 


+ 2 48.30226| .02006 1 8.31540 | .02067 1 8.32834 
9 30248 | 02007] .31562 | 02068} .32856 
0 .30270 | 02008] .31584 | .02069§ .32877 
1 30292 | 020097 .31605, .02070§ .32899 
8.30314 | .02010 | 8.31627 | .02071 | 8.32920 
30336 | 02011] .31649} 02072] .32941 
.30358 | 02012] .31670| .02074§ .32963 
.30380 | .02013 7 .31692| .02075] .32984 
8.30402 | .0201418.31714 | .02076 | 8.33006 


.34004 | .02188] .35261 | 022525 57 
8.34025 | 02189 | 8.35282 | .02253 | 56 
34046 | .02190] .35303 | 02254] 55 
.34067 | 02191] .35324 | .O2255 | 54 
.34088 | .02192]7 .35345] . 
8.34109 | .02193 | 8.35365 | 02258 | 52 
.34130 | 02194] .35386 | . 
34152 | 02195 | .35407 | 1.02260] 50 
34173 | 02196] .35428 | 02261 49 
8.34194 | .02198 | 8.35449 | 02262] 48 
34215 | 02199] .35469 | .02263) 47 
.34236 | 02200] .35490 | 022641 46 
45 
44 
43 


1 
P| 


34257 | 02201 f 35511 | 02265 
8.34278 | .02202 | 8.35532 | .02266 


30424 | .02016] .31735| 02077] .33027 34299 | 02208] .35552 | .02267 
30446 | 02016 .31757 | .02078] .33048 .34320 | .02204] .35573 | .02268 | 42 
.30468 | .02017] .31779 | .02079]7 .33070 .34341 | 02205] .35594 | 02270] 41 


30512 | 02019} .31822} .02081] .33112 
30534 | 02020] .31844| 02082] .33134 
30556 | 020217 .31865| .02083] .33155 
8.30578 | 02022 | 8.31887 | 02084 | 8.33176 
30600 | 02023] .31909| .02085] .33198 
30622 | .02024} .31930| .02086) .33219 
30644 | 020257 .31952 | 02087] .33240 
8.30666 | .02026 | 8.31974 | .02088 | 8.33262 
.30688 | .02027§ .31995| .02089} .33283 
30710 | .02028] .32017| .02090) .33304 
30732 | .02029} .32039 | 020817 .33325 
8.30754 | .02030 7 8.32060 | .02092 | 8.33347 
30776 | 62031] .32082 | .02083] .33368 


8.30490 | .0201878.31800| .020801 8.33091 


34404 | 02208] .35656 
34425 | .02208] .35677 ST 
8.34446 | .02210 | 8.35697 | 02275 | 36 
34467 | .02211] .35718| 02276] 35 
34488 | .02212] .35739| 02277] 34 
34509 | 02214] .35759 |_.0Z278] 33 
8.34530 | .02215 | 8.35780 | .02279 | 32 
34551 | .02216] .35801| 02280] 31 
34572 | .02217] .35821| .02281] 30 
34593 | 02218] .35842 | .02283] 29 
8.34614 | .02219 | 8.35863 | .02284 | 28 
34635 | .02220] .35883| .02285] 27 


8.34362 | .02206 1 8.35614 | 02271] 40 
.34383 | 02207] .35635| . 


.30798 | .02032] .32103| .02084] .33389 | 34656 | .02221] .35904| .02286] 26 
.30820 | .02033] .32125| .02095] .33411 34677 | .02222} .35925| .02287] 25 
8.30842 |" 02034 | 8.32147 | .02096 | 8.33432 8.34608 | 02223 | 8.35945 | .02288 | 24 
.30863 | .02035] .32168| .02097] .33453 .34719 | .02224] .35966| .02289] 23 
30885 | .02036} .32190| .02098] .33474 84740 | .02225] .35987| .02290] 22 
.30907 | 02037] .32211| .02099} .33496 34761 | .02226] .36007| .02291| 21 
8.30929 | 02038 | 8.32233 | 02101 | 8.33517 8.34782 | 02227 [8.36028 | .02292 | 20 
.30951 | 02039} .32254| .02102} .33538 .34803 | .02229] .36048| .02293] 19 
30973 | .02040] .32276| .02103] .33559 34823 | .02230] .36069| .02295} 78 
30995 | 02042] .32297| .02104} .33580 .34844 | .02231] .36090| .02296| 17 
8.31017 | .02043 | 8.32319 | .02105 | 8.33602 8.34865 | .02232 | 8.36110 | .02297| 76 
31039 | .02044} .32341| .02106} .33623 .34886 | .02233] .36131| .02298] 15 
31060 | .02045} .32362| .02107} .33644| .02170) .34907| .02234] .36151| .02299] 14 
$1082 | .02046] .32384| .02108] .33665| .02171] .34923| .02235] .36172| .02300] 13° 
8.31104 | 02047 | 8.32405 | 02109 | 8.33686 |" 02172 | 8.34949 | .02236 | 8.36193 | .02301| 12 
31126 | .02048] .32427| .02110] .33708| .02173] .34970| .02237] .36213| .02362] 17 
31148 | .02049]} .32448| .02111] .33729| .02174] .34991| .02238] .36234| .02303] 10 
31170 | .02050] .32470| .02112] .33750| .02175] .35011| .02239] .36254| .02304] 9 
8.31192 |" 02051 | 8.32491 | .02113 | 8.33771 | .02176 | 8.35032 | .02240] 8.36275 | .02305] 8 
31213 | 02052] .32513| .02114] .33792| .02177] .35053| .02241} .36295| .02307] 7 
31235 | 02053] .32534| .02115} .33814| .02178} .35074| .02243] .36316| .02308] 6 
31257 |_ 02054] 32556 | .02116] .33835| .02179] .35095| .02244] .36337| .02309] 5 
8.31279 | .02055 | 8.32577 | 02117 | 8.33856 | .02181 | 8.35116 | .02245] 8.36357 | 02310] 4 
81301 | .02056] .32599| .02118} .33877| .02182] .35137| .02246] .36378| .ozs11] 3 
31322 | 02057] .32620| .02119] .33898| .02183] .35157] .02247] .36398| 02312] 2 
31344 | 02058] .32642| .02120] .33919| .02184] .35178| .02248] .36419| .02313] 7 
+ 157831366 | .02059 | 8.32663 | .02121 [8.33940 | .02185 1.35199 | .02249 | 8.36439 | .02314] 0 
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Page 268] TABLE 34. 
Haversines. 
15 0= 15° 0 1h 1m 15° 153’ 14 2m 15° 3° 1h 8m 15° 45 1h 4m 16° © 
Log. Hav.| Nat. Havd Log. Hav.) Nat. Havj Log. Hav.] Nat. Hav] Log. Hav.| Nat. Havd Log. Hav.| Nat. Havd gs 
201704 1 8.24567 | .0176118.25971 | .0181818.27352 | .01877 60 
01706] .24591 | 01762] .25994/] .01819] .27375]| .01878 59 
01706] .24614| 01763] .26017) 01820) .27398 | .01879 58 
01707 | .24638 | 01764] .26040| .01821] .27420| .01880 57 
01707 1 8.24661 | .01764 | 8.26064 | .01822 § 8.27443 | 01881 56 
017 .24685 | 01765] .26087 | .01823 466 55 
91708] .24708;| 01766) .26110| .01824] .27489 54 
01710] .24782| 017967] .26133} .01825] .27512 58 
eO17911 | 8.24755 | .01768 1 8.26156 | .01826 | 8.27534 52 
01712] 24779 | OL769) .26179| O1827] .27557 51 
01713] .24803 | 01770] .26203] .01828] .27580 50 
01714] .24826) 01771] .26226| .018294 .27603 49 
01715 | 8.24850 | 1.01772 18.26249 | .01830 | 8.27626 48 
01716] .24873 | 01773] .26272) 01831] .27648 47 
01717 | .24897 | 01774] .26295| .01832] .27671 46 
01718} .24920| 01775] .26318| .61833§ .27694 45 
001719 | 8.24944 | .01776 1 8.26341 | .01834 | 8.27717 44 
720) .24967| O1777] .26364| .01835] .27739 43 
001721] .24991| 01778] .26388| 018386] .27762 42 
017224 .25014| OL1779] .26411] 01837] .27785 41 
001723 | 8.25037 | .01780) 8.26434 | .01838 | 8.27807 40 
01724] .25061 | .OL78L | .26457| .018399 .27830 89 
1724] .25084| OL782] .26480| 01840) .27853 $8 
01725} .25108| 01783] .26503| 01841 .27876 37 
061726 | 8.25131 | .0178418.26526 | .01842 | 8.27898 
01727 | .25155 | 017857 .26549| .O1843] .27921 
O1728 .25178| OLI86 I .26572| 01844] .27944 
01728 | .25202 | 01787] .26595| 01845] .27966 
001730 | 8.25225 | .0178818.26618 | .01846 | 8.27989 
01731 .25248| 01789] .26641 7 
001732 .25272| .OL789] .26664 
01733 fF .25295| 01790] .26687 
01734 1 8.25319 | 01791 | 8.26710 
20342 | 017924 .26733 
017983] .26756 
001794 .26779 
001795 | 8.26802 
.26825 
-26848 
.26871 
8.26894 
-26917 
26940 
26963 
8.26986 
-27009 
.27032 
.27055 
8.27078 
27100 
27123 
.27146 
8.27169 
-27192 
27215 
.27238 
8.27261 
27283 
.27306 
27329 
91818 | 8.27352 
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TABLE 34. [Page 269 
Haversines. 

1 §= 16° 13’ 1h 6w 16° 3Y 14 7m 16° 45’ 1h 8m 17° WY 14 9m 17° 15’ 
8 Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav .| Nat. Hav4 Log. Hav.| Nat. Hav 
0 8.30049 | .01998 | 8.31366 | .02059 | 8.32663 8.33940 | .0218518.35199 | .02249 
1 .30071 | .01999] .31388; .02060] .32684/| .02122] .33962! .02186] .35220| .02250 
2 .30093 | .02000] .31410| .02062] .82706| .02124] .33983| .02187] .35241] .02251 
$ .30115 | .02001] .31431 | 02062] .382727| .02125] .34004/] .02188] .35261]| .02252 
a 1778.30137 | .0200218.31453 | .0206318.32749 | .02126 | 8.34025 | .02189] 8.35282 | .02253 
5 30159 | .02003] .31475| 02064] .32770| .02127]1 .34046| .02190% .35303| 02254 
6 30182 | .02004) .31497| 02065] .32792| .02128] .34067| .O2191 7 35324) .02255 
7 30204 | 02005 .31518] .02066) .32813 34088 | .021929 .35345 | .02257 
+ 2 18.30226| .0200618.31540| .02067 | 8.32834 8.34109 | .02193 | 8.35365 | 02258 
9 .30248 | .02007] .31562| 02008] .32856] .02131 7 .34130| .02194] .35386| .02259 
10 .30270 | 02008] .31584| .020691 .32877| .02132] .34152| .02195] .35407 | .02260 
11 .30292 | .020097 31605; .02070] .82899| .02133] .34173| .02196]7 .35428) .02261 
+ 8 18.30314| .0201018.31627 | 02071 1 8.32920 8.34194 | .02198 1 8.35449 | .02262 
18 .30336 | OZ2012— .31649| 020721 .32941 .34215 | .02199] .35469| .02263 
14 .30358 | 02012] .31670| .020744 .32963 -34236 | 0220097 .35490] .02264 
15 .390380 | 02013] .31692| .02075]7 .32984 .34257 | .O2201 7 .35511 | .02265 
+ 4°78.30402| .0201418.31714| .02076 1 8.33006 002202 1 8.35532 | 02266 
17 .30424 | .02015§ .31735| .020771 .33027 022081 .35552 | .02267 
18 .30446 | .020167 .81757]| .020784 .33048 202204) .35573 | 02268 
19 .30468 | 020177 .31779| .020791 .33070 02205 | .35594| 02270 
&’ | 8.30490 | .02018 } 8.31800 | .020801 8.33091 202206 1 8.35614 | 02271 
21 30512 | 02019] .381822| .02081] .33112 202207 | 35635 | 02272 
22 .30934 | 020209 .31844] 0208217 .33134 02268 | .35656 | 02273 
28 .30596 | 020217 .31865) 02083] .33155 -02208 | .35677 | 02274 
+ 8 18.30578 | .0202218.31887 | .02084 ] 8.33176 002210 | 8.35697 | 02275 
25 .30600 | .020234 .31909| .02085] .33198 O2Z11 1 85718 | 02276 
26 -30622 | .02024) .31930| 02086) .33219 022121 .35739 | 02277 
27 30644 ° .31952 | 020877 .33240 0022147 .85759 | 02278 
2’ 1 8.30666 | .0202618.31974 | .02088 | 8.33262 202215 1 8.35780 | 02279 
29 .30688 | .02027— .31995} .02089— .33283 202216) .35801 | 02280 
$0 30710 | .02028] .32017| .020007 .33304 02217 | .35821 | 02281 
$1 30732 | .020297 .32039| .02091 7 .33325 02218 f .35842 02283 
+ 8.30754 | 02030 18.32060 | .02092 | 8.33347 02219 | 8.35863 | 02284 
8S 30776} C2031 .32082| .020937 .33368 002220} .35883 | 02285 
$4 .30798 | .02032] .32103| .02084% .33389 |. 022211 .35904| .02286 
85 .30820 | .02033§ .32125| .02095 9 .33411 022224 .35925 | 02287 
+ Y 1 8.30842 | .0203418.32147 | .02096 1 8.33432 8.34698 | 02223 | 8.35945 | 02288 
87 .90863 | 0203517 .32168 | .02097] .33453 .34719 | .022241 .35966] .02289 
88 30885 | 020367 .32190| .02098] .33474 .34740 | 022257 .35987 | .02290 
S89 .30907 | .02037] .32211| .02@89) .33496 .34761 | .02226]7 .36007| .02291 
10’ | 8.30929 | .02038 }8.32233 | .02101 1 8.33517 8.34782 | 02227 18.36028 | 02292 
41 .30951 | 02039] .32254|] .021024% .33538 .34803 | 022291 .36048} .02293 
42 .30973 | 020408 .32276) .02103]7 .33559 .34823 | .02230] .36069 |} .02295 
48 .30995 | 02042) .32297| .02104] .33580 .34844 | .02231 7 .36090 | .02296 
+ 11718.31017 | .0204378.32319 | .02105 | 8.33602 8.34865 | .02232 4 8.36110 | 02297 
31039 | 020448 .32341] .02106] .33623 .34886 | 02233] .36131] 02298 
31060 | 020458 .32362] .021075 .33644 .34907 | 022849 .36151| .02299 
81082 | 020467 382384] .02108] 33665] 021717 .34928| .02235]§ .36172!] .02300 
8.31104 | .02047 18.32405 | .02109 1 8.33686 |} .0217218.34949 | .0223618.36193 | .02301 
31126 | 02048] .32427| 02116] 33708] 021731 .34970| .02237§ .36213| 02362 
31148 | .02049] .32448| 02111] .33729| .02174] .34991 | .022389 .36234| .02303 
.91170 | 02050] .32470| 02112] .33750| .02195] .35011 |] .02239] .36254] .02304 
8.31192 | .02051 18.32491 | .02113 18.3377] | .0217618.35032 | .0224018.36275 | 02305 
31213 | 02052] .32513| 02114] .33792| 020977 .35053 | .02241 9 .36295]| .02307 
31235 | 020537 .32534| 02115] .33814| 021784 .35074| .02243] .36316] .02308 
31257 | 02054) .32556| .02116] 33835] .021797 .35095| .02244] .36337| .02309 
8.31279 | .02055 §8.32577 | .02117 | 8.33856 | .021814§8.35116 | .0224518.36357 | .02310 
31301 | .02056] .32599| .O02118] .33877| .02182] .35137| .02246] .36378| .O2311 
31322 | .02057] .32620! 02119] .33898| .02183] .35157] .02247] .36398| .02312 
31344 | 02058} .32642| 021207 .33919| 02184] .35178| .02248] .36419] .02313 
8.31366 | .02059 18.32663 | .0212118.33940 | .0218518.35199 | .0224918.36439) .02314 
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TABLE 34. 
Haversines. 

7» 10™ 17° 30’ | 18119 17° 45’ | 1412" 18° 
Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav] Log. Hav.} Nat. Havd Log. Hav 
8.36439 | .028141 8.37662 | .0238018.38867 | .02447 

36460 | .02315] .37682| .@2381] .38886| .62448 

.36480| .02816] .37702| .023821 .38906| .02449 

86501 | .02817] .37722| .023844 .38926| .02451 
8.36521 | 02319 |] 8.37742] .0238518.38946 | .02452 

36542 | .02820] .37763| .02386] .38966] .02453 

36562 | .02321] .37783| .02387] .38986| .02454 

.36583 | .02322] .37803| 02388] .39006| .02455 
8.36603 | .02323 | 8.37223 | .0238918.39026| .02456 

36624 | .02324] .37843| .02390] .39046| .02457 

36644 | .02825] .37864| .023011 .39066| .02458 

36665 | 2023267 .37884/| .02392] .39086| .02460 
8.36685 | 02327 18.37904 | .0239418.39105| .02461 

86706 | .02328] .37924] .02305] .39125! .02462 

36726 | .02329] .37944] .02306] .39145| .02463 

36746 | .023311 .37964] .023971 .39165/| .02464 
8.36767 | 02332 18.37985 | .02398178.39185 | .02465 

.36787 | .02333] .38005| .02390] .39205| .62466 

36808 | 023341 .38025| .024001 .39225] .02467 

36828 | 02335] .38045] .02401] .39245| .02469 
8.36849 | .0233618.38065| .02402 1 8.39264 | .02470 

36869 | 02337] .38085| .024041 .39284/] .02471 

.36889 | .02338] .38105| .02405] .39304| .02472 

36910 | .02339] .38126| .024001 .39324] .02473 
8.36930 | .0234018.38146 | .0240718.39344| .02474 

36951] 02842] .38166| .02408] .39364| .02475 

.36971 | 02343] .38186] .02409] .39384} .02476 

36991 | .02344] .38206] .02410] .39403] .02478 
8.37012 | .02345 1 8.38226 | .02411 18.39423 | .02479 

37032 | .O02346] .38246] .0241217 .39443] .02480 

387053 | .023471 .38266| .02414— .39463] .02481 

37073 | .02348] .38286| .02415] .39482| .02482 
8.37093 | .02349 [8.38306 | .02416] 8.39502] .02483 

37114 | .02350] .38326] .02417] .39522| .02484 

37134] 02351] .38346| .02418] .39542| .02486 

37154 | .02353] .38367] .02419]7 .39562| .02487 
8.37175 | .02364 18.38387 | .02420178.39581 | .02488 

37195 | .02355] .38407| .024211 .39601| .02489 

37215 | 02356] .38427| .02423] .39621| 02490 

37236 | 02357] .38447| .02424] .39641| .02491 
8.37256 | .02358 1 8.38467 | .0242518.39660| .02492 

37276 | 02359] .38487| .024261 .39680| .02493 

.37297 | .02360] .38507| .02427] .39700| .02495 

37317 | .02361 1 .38527] .02428] .39720] .02496 
8.37337 | 02363 | 8.38547 | .0242918.39739 | .02497 

37358 | 02364] .38567| .02430] .39759| .02498 

37378 | .023651 .38587| .02431] .39779| .02499 

37398 | .023661 .38607| .024331 .39799| .02500 
8.37419 | .02367 18.38627 | .0243418.39818] .02501 

37439 | .02368] .38647| .02435] .39838] .02503 

37459 | .02369] .38667| .024369 .39858]| .02504 

37479 | 023701 .38687| .024371 .39877| .02505 
8.37500 | .0237118.38707 | .0243818.39897 | .02506 

37520 | 2023729 .38727] .02439] .39917| .02507 

37540 | 023749 .38747] .024401 .39937| .02508 

37560 | .02375 1 .38767] .02442] .39956| .02509 
8.37581 | 023761 8.38787 | .0244318.39976 | .02510 

37601 | 02377] .38807] 024441 .39996| .02512 

37621 | 02378] .38827] .02445] .40015| .02513 

37641 | .023791 .38847] .02446] .40035| .02514 
8.37662 | 02380] 8.38867 | .0244718.40055 | .02515 

22h 49m 22h 48m 22h 47m 
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TABLE 84. [Page 271 
Haversines, 

1h 15m 18° 45 ] 14 16m 19°@ | 14 17m 19° 15’ | 14 18m 19° 80’ | 14 19m 19° 45/ 

8 Log. Hav.) Nat. Hav4 Log. Hav.| Nat. Havd Log. Hav.| Nat. Havd Log. Hav.) Nat. Havd Log. Hav.) Nat. Havi s 
O |8.42382| .02653 | 8.43522 | .02724] 8.44647 | 02796] 8.45757 | .02868 02941 
1 42401 | .02655] .43541| .02725] .44665| .02797 -02869 202942 
2 42420 | 02656] .43560| . 44684 | .02798 -02870 02944 
8 42439 | 02657] .43578| .02728] .44703| .02799 02871 02945 
1’] 8.42458 | .02658 | 8.43597 | .02729] 8.44721 | .02800 02873 02946 
5 42477 | .02659] .43616| .02730] .44740| .02802 202874 02947 
6 42497 | 02661] .43635 | .02731] .44758| .02803 02875 02949 
7 42516 | 02662] .43654| .02732] .44777| .02804 202876 -02950 
e | 8.42535 | .02663 | 8.43673 | .02734 1 8.44796 | 02805 202878 | 8.46998 | .02951 
42554 | 02664] .43692] .02735] .44814] .02806 02879] .47016 | .02952 
42573 | 02665] .43710| .02736] .44833| .02868 02880] .47034| .02954 
42592 | 02666] .43729| .02737] .44851| .02809 02881} .47052 | .02955 
8.42611 | .02668 | 8.43748 | .02738] 8.44870 | .02810 202883 | 8.47070 | .02956 
.42630| .02669] .43767| .02739] .44889| .02311 02884] .47088| .02957 
.42649 | .@2670] .43786| .02741] .44907| .02812 02885 | .47106 | .02958 
42668 | 02671] .43805| .02742] .44926| .02814 02886 | .47124| .02960 
8.42687 | .02672 | 8.43823 | .0274318.44944| .02815 02887 | 8.47142 | .02961 
42706 | 02673] .43842| .02744] .44963] .02816 02889 | .47160| .62962 
42725 | 02675] .43861| .02745] .44981| .02817 02890 | .47178 | .02963 
42745 | 02676} .43880| .02747] .45000| .02818 02891 | .47197 | .62965 
8.42764 | .02677 8.43899 | .02748] 8.45018 | .02820 202892 1 8.47215 | .02966 
42783 | .02678] .43917| .02749] .45037| .02821 02893 | .47233 | .02967 
42802 | .02679] .43936| .02750) .45055| .02822 202895 | .47251| .02968 
42821} .02680] .43955| .02751] .45074] .62823 02896] .47269| .02970 
8.42840 | .02682 | 8.43974 | 02753] 8.45093 | .02824 202897 [8.47287 | .02971 
42859 | .02683] .43992| .02754] .45111] .02826 02898] .47305| .02972 
42878 | 02684] .44011| .02755] .45130| .02827 02900] .47323| .62973 
42897 | .02685] .44030| .02756] .45148| .02828 02901} .47341| .02974 
8.42916 | .02686 1 8.44049 | .02757 | 8.45167 | .02829 02902 1 8.47359 | .02976 
42935 | 02688] .44067| .02759] .45185| .02830 02903] .47377 | .02977 
42954 | 02689] .44086| .02760] .45204] 02832 02904] .47395 | .02978 
42973 | 02690] .44105| .02761] .45222| .62833 02906] .47413 | .02979 
8.42992 | .0269118.44124| .02762]8.45241| .02834 02907 [8.47431 | .02981 
43011] .02692] .44142] .02763] .45259| .02835 02908] .47449 | 02982 
43030 | 02693] .44161| .02764] .45278| .02836 62909 | .47467| .02983 
43049 | 02695] .44180| .02766) .45296| .02838 02911] .47485| .02984 
8.43068 | .02696 | 8.44199 | .0276718.45315 | .02839 02912 [8.47503 | 9.02986 
43087 | 02697] .44217| .02768] .45333| .02840 202913] .47521| .02987 
43106 | 02698] .44236| 02769] .45352| .02841 02914] .47539 | .02988 
43125 | 02699] .44255| 02771] .45370| .02842 02915] .47557 | .62989 
8.43144 | .02700] 8.44273 | .02772] 8.45388 | .02844 202917 | 8.47575 | .02991 
43163 | 02702] .44292| .02773] .45407| .02845 02918} .47593| .02992 
43181} .02703] .44311| .02774] .45425| .02846 02919] .47611] .02993 
43200 | 02704] .44330| 02775] .45444| .02847 02920] .47629] .02994 
8.43219 | 02705 [8.44348 | .0277618.45462 | .02849 1 8.46562 | .02922 | 8.47647 | .02996 
43238 | .02706] .44367] .02778] .45481| .02850] .46580| .02923§ .47665| .02997 
43257 | 027085 .44386| .02779] .45499] .02851] .46598| .02924] .47683| .02998 
43276 | .02709] .44404| .02780] .45518| .02852] .46616| .02925] .47701| .02999 
8.43295 | 02710 | 8.44423 | .02781] 8.45536 | .02853 | 8.46634 | .02926] 8.47719 | .03000 
A3314| O2711] .44442| .02782] .45554| .02855] .46653} .02928] .47737] .03002 
43333 | 02712] .44460} .02784] .45573| .02856] .46671| .62929] .47755| .03003 
43352 | 02713] 44479 | .02785] 45591] .02857] .46689| .02930] .47773| .03004 
8.43371 | .02715 | 8.44498 | .02786] 8.45610} .02858 | 8.46707 | .02931 [8.47791 | .03005 
43390 | 02716] .44516| .02787]} .45628| .02859] .46725| .02833] .47809] .03007 
43409 | 02717] .44535] . 45646 | .02861] .46744| .02934] .47827| .03008 
55 43427 | 027181 .44554| .02790] .45665| .02862] .46762| .62935] .47844| .63009 
+ 14/1 8.43446 | .02719 | 8.44572 | .02791 [8.45683 | .02863 [8.46780 | .02936 [8.47862] .03010 
57 43465 | 02722] .44591| 02792] .45702| .02864] .46798| .62938] .47880| .03012 
58 43484 | .02722] .44610| .02793] .45720| .02866] .46816| .02939] .47898| .03013 
59 43503 | 02723] .44628| 02794] .45738| .02867] .46834| .02940] .47916| .03014 
+ 18 ]8.43522 | .02724 | 8.44647 | 02796] 8.45757 | .02868] 8.46852 | .029411 8.47934 | 03015 

22h 44m 22h 43m 22h 42m 22h 41m 22h 40m 


Page 272] TABLE 34. 
Haversines. 
1h 20™ 20° & 1A 91m 20° 15’ | 14 22m 20° 3A | 14 25m 20° 45’ 1h 24% 21° & 

8 Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav4 Log. Hav.) Nat. Hav] Log. Hav.| Nat. Havi s 
0 8.47934 | 03015 18.49002 | .0300018.50056 | .03816618.51098 | .0324318.52127| .03321 | 60 
1 .47952 | .08017 | .49020| .0300821 .50074| 031687 .51115] 03245] .52144] 03322] 59 
2 .47970 | 030181 .49037] 0309317 .50091| .03169% .51132]| 032467 .52161) 03324) 58 
8 47988 | .03019} .49055| .03094] .50109| .03170] .51150| .03247] .52178 | 033255 57_ 
+ 1/18.48006| .03020) 8.49073 | .03095 [8.50126 | .03171 | 8.51167 | .0324878.52195 | .03326 | 56 
5 .480241 080221 .49090| .030971 .50144] .031731 .51184] .03250]) .52212] .03328) 55 
6 .48041] .080231 .49108| .03098] .50161 | .03174— .51201} .03251]7 .52229| 08329) 54 
7 .48059 | 030245 .49126 | .03099) 50179] .O3175) .51219| 032529 .52246 203330 | 55_ 
+ 218.48077 | .0302518.49143 | .0310198.50196 | .0317718.51236 | .03254§ 8.52263 | 03331] 52 
9 .48095 | .03027 1 .49161 | .03102] .50214| .03178] 51253] .03255] .52280] 03333] 51 
10 .48113 | .080281 .49179| .081038] .50231| 03179] .51270) .03256] .52297| .033341 50 
11 48131 | .03029] .49196| 03104] 50248; .08180) 51287) .03257] .52314] .03335 1 49° 
+ 8 18.48149} .0303018.49214 | .0310618.50266 | .0318218.51305 | .03259 1 8.52331 | .03337 | 48 
.48167 | .03032 4 .49232| .031071 .50283] 03183] .51322] 032601 .52348| 033381 47 
.48184] 03033} .49249| .03108] .50301] 03184] .51339| .OS2611 .52365| 033391 46 
48202 | 0303417 .49267| .031097 .50318] 031864 .51356| .03263] .52382| .O3341] 45 
8.48220 | .03035 1 8.49284 | .03111 1 8.50335 | .0318718.51374| .0326418.52399 | 03342 1 44 
.48238 | 03037] .49302| .03112]7 .50353{ 03188] .51391 | 03265] .52416| 033431 43 
.48256 | .03038— .49320| .08113] .50370! 03189} .51408| .03266] .52433| .083441 42 
.48274] .03039§ .49337] .031147 .50388/ 03191] 51425] 03268] 52450] 03346) 4/ 
8.48292 | 03040 1 8.49355 | .03116178.50405 |; .03192 1 8.51442 | .0326918.52467 | .03347 | 40 
.48309 | 08042) .49373] 038117] .50422/ .03193} .51459| 03276] .52484)] .O03348] 39 
.48327 | 0804817 .49390| .O81181 .50440| .03194] .51477| 03272] .52501| .03350] 38 
.48345 | .0380441 .49408] 0381197 .50457) .03196] .51494] .03273 1 52518) .03351 5 37 
8.48363 | .03045 1 8.49425 | .0812118.50475 | .0319778.51511] .03274) 8.52535; 033521 36 
.48381 | 080471 .49443| .081221 .50492] .03198] .51528/ .03275 1 .52552| 03354] 35 
.48399 | .03048 1 .49461] 0381237 .50509] 032007 .51545| .03277 1 .52569| 033551 34 
.48416 1 .0380491 .49478| .081257 .50527] .032017 51562] .03278] .52585] 033567 33 
8.48434 | .0305018.49496 | .0312618.50544 .0320218.51580 | .0327918.52602 | .03358 1 32 
48452 |] 0380521 .49513| 038127] .50561] 032049 .51597| .O3281— .52619] .02359] $7 
.48470| 0380537 .49531} 08128] .50579] .03205] .51614] 082821 .52636)] .033601 SO 
48488 | .03054] .49548 | .03130] 50596 | .03206] .51631 | .03283] .52653 | .03361] 29° 
8.48505 | 1.03055 18.49566 | .0313118.50614 | .03207 | 8.51648 | .0328518.52670 | 03363] 28 
.48523 | 038057] .49584] .0813217 .50631] 032091 .51665| .082861 .52687]| .033644 27 
.48541 | 038058 .49601| .O63133] .50648} 032101 .51682| .03287] .52704| 03365) 26 
.48559 | 080591 .49619| .03135 7] .50666| .03211 7 .51700| .03288] .52721] .08367 1 25 
8.48576 | .03060 1 8.49636 | .0313618.50683 | .0321218.51717 | .0329018.52738 | .03368 | 24 
.48594 | 03062) .49654| 081371 .50700] .03214] .51734| .03281]7 .52755]| .O3369T 235 
48612) 03063) .49671] 0381387 .50718] .03215] .51751| 03282] .52772| 03371] 22 
.48630 | 030647 .49689| .03140] .50735] .03216] .51768| .03294] .52789| .038372 4 21 
8.48648 | .03065 18.49706 | .0314118.50752 | .03218 1 8.51785 | .0329518.52806 | .03373 1 20 
.48665 | 03067 § .49724| .031421 .50770/] 03219] .51802| .03296] .52822] .033751 19 
.48683 | 03068] .49742] .03144] .50787| .03220] .51819| .03298] .52839| .@83761 18 
48701 | .03069 | .49759 | 03145] .50804| 032217 .51836 | .03299) 52856 | 03377] 17_ 
8.48719 | .03070 | 8.49777 | .03146 1 8.50821 | .03223 1 8.51854 | .0330018.52873 | .03379 1 16 
.48736 | 03072) .49794|] .03147]7 .50839] .03224]1 .51871{/ 033017 .52890] .O83804 75 
.48754 | O38073] .49812| .031497 .50856) .09225) .51888] 033037 .52907] 03381} 74 
.48772 | 030744 .49829| .03150]7 .50873]| .032277 .51905] .0383047 .52924] 038821 738 
8.48789 | .03075 | 8.49847 | .0315118.50891 | .03228 18.51922 | .0330518.52941 | .033841 72 
.48807 | 03077 § .49864| .03152] .50908] .03229]7 .51939| .033071 .52958}] .03385 I 77 
48825 | 080781 .49882| .03154] .50925) .03230]7 .51956] .03306 1 .52974] .O08386I 70 
.48843 | 08079 | .49899 | .03155]7 .50943] .032321 .51973] .03309] .52991| 03388 9 
8.48860 | 03080 18.49917 | .03156 1 8.50960 | .0323318.51990] .0331118.53008 [ .033891 8 
.48878 | 038082] .49934] .03157— .50977}| .03234] .52007/] .038312] .53025| .033901 7 
.48896 | O38083— .49952| .03159— .50994{] 03236] .52024/] .033131 .53042}| .0383825 6 
.48914] .03084) .49969| .031607 .51012| .032377 .52041| .033141 .53059/] .0339381 6 
14’ 1 8.48931] .03085 1 8.49987 | .031615§8.51029 | 03238 §8.52058 | .0331618.53076] 033945 4 
.48949 | 03087) .50004] .O3163— .51046] 882391 .52076] .03317] .53092] .03396) Ss 
.48967 | 030887 .50022| .03164— .51063] .082418 .52093/ .03318} .53109; 083071 2 
.48984 | .030897 .50039} .03165]7 .51081] .03242] .52110] .03320] .53126| .O@33SSI 7 
8.49002 | 03090 1 8.50056 | .0316618.51098 | .03243 |8.52127] .03321 1 8.53143 0 

22h 39m gah g7m 2eh gem geh g5m 


1h 26m 21° 18/ | 1h 26m 21° Se” | 1h 27m 21° 45’ | Th egm 28° @ | 1h 29m 22° 15/ 

8 Log. Hav.| Nat. Hav4 Log. Hav.) Nat. Hav Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav 
0 8.53143 | 034001 8.54147 | .0847018.55139 | .0356018.56120| .03641 | 8.57089 
I .53160| 03401] .54164| .03480) .55156| .03561) .56136| .03642] .57105 
2 53177 | 0834021 .54180} .034827 55172} .63562] .56152| .03644]) .57121 
$s 531938 | .08404] .54197| .034837 .55189| .63564] 56169) .08645) .57137 
+ 1°178.53210| .0340518.54214 | .03484178.55205| .0356518.56185 | .03646 | 8.57153 
5 .53227 | 034064 .54230] .03486] .55221| .03560] .56201| .03648) .57169 
6 .53244| 03408 .54247/ .03487) 55238] .03568] .56217| 08649) .57185 
7 .53261 | 03406] .54263] .@34887 .55254| .03569] .56233| .08650]) .57201 
+ Y18.53277 | 034101 8.54280 | .0349018.55271 | .035761 8.56250 | 1.03652 1 8.57217 
9 .53204] 034114) .54297| 03491] .55287| .03572) .56266| .03653 5 .57233 
10 .63311 | 038413] .54313} .08492§ .55303| .63573] .56282| .03654]) .57250 
11 .53328 | .03414] .54330] .€3494] .55320| .0@3574]7 .56298| .03656) .57266 
8718.53345 | .03415 | 8.54346 | .03495 18.55336 | .0357618.56315 | .03657 | 8.57282 
18 53361] .084174 .54363] .034007 .55353| .035771 .56331 | .03659] .57298 
14 .53378 | 083418] .54380} .03498) .55369| .@3578] .56347| .03660] .57314 
15 .53395 | .03419]7 .54396/ .03400] .55 -03580 | .56363 | .03661] .57330 
4’18.53412 | .0342118.54413 | .0350018.55402 | .0358118.56379 | .03663 I 8.57346 
17 53429 | .034221 .54429| .035021 .55418] .035682] .56396| .638664§ .57362 
18 .53445 | .084237 .54446| .63503] .55435] .03584] .56412) .63665) .57378 
19 .53462 | .08425— .54462| .63504) 55451] .63585] .56428] .@8667 7 .57394 
+ 8&18.53479| .034261 8.54479 | .0350618.55467 | 1.03587 1 8.56444 | .03668 | 8.57410 
21 .53496 | .08427) .54496| 03507] .55484] .08588] .56460| .08669) .57426 
22 .53512 | .03429— .54512] .63508) .55500] .03589]) .56477| 086715 .57442 
23 .53529 | .034307 .54529| .03510F .55516| .@3591] .56493 | 08692) .57458 
718.53546 | .03431 | 8.54545 | .03511 | 8.55533 | 63592] 8.56509 | .03674 | 8.57474 
53563 | 08433) .54562] .@3513] .55549| '.635883— .56525] 08675) .57490 
.53580 | .038434]7 .54578 | .03514] .55566 | '.08595% .56541] 08696) .57506 
.53596 | .0843517-.54595 | .03515§ .55582| .03596§ .56557] .03678 7 .57522 
8.53613 | .03437 | 8.54612 | .03517 §8.55598 | 1.03597 | 8.56574] .03679 | 8.57538 
.53630 | .03438 1 .54628/ .@3518] .55615] .03599% .56590} .O@3680) .57554 
53646 | .03439 7 .54645| .€35197 .55631] .0S6607 .56606] .@8682) .57570 
.53663 | .03441] .54661| .03521] .55647| .63661]7 .56622| .@86839F .57585 
8.53680 | .0344218.54678 | .03522 1 8.55664 | .03603 | 8.56638 | .03685 1 8.57601 
.53697 | 034431 .54694] 03523) 55680] .03604) .56654] 08686) .57617 

.53713 | .03445 7.54711] .03525] .55696| .03605 1 .56670] .@8687 1 .57633 |. 

.53730 | 034467 .54727| .03526] .55713 | .63607] .56687| 636894 .57649 
8.53747 | .03447 1 8.54744 | .0352718.55729 | 1.03608 1 8.56703 | .03680 1 8.57665 
.53764 | 034491 .54760| .03529) .55745] 036101 .56719| .68691 7 .57681 
.53780 | .03450] .54777} 03530] .55762| .@3611] .56735| .@8683) .57697 
.53797 | .03451] .54793| 03531) 55778; .036127 .56751] .08684] .57713 
8.53814 | .0345318.54810| .03533 18.55794 } .03614 | 8.56767 | .03695 | 8.57729 
.53830 | 038454 .54826] 0353497 .55811] 00615] .56783] .086979 9) .57745 
53847 | .08455] .54843 | .03535] .55827] 038616] .56799| .@8688] .57761 
.53864 | 034577 .54859| 035377 .55843] .086187 .56816] .037004 .57777 
8.53880 | .03456818.54876 | .03538 1 8.55859 | 1.03619 | 8.56832 | .03701 1 8.57793 
.53897 | 03459) .54892] .03539] .55876] .03620] .56848] .03702] .57809 
.03914 | .03460 54909 | 035411 .55892] .08622] .56864]| .037049 .57825 
.53930 | 03462) .54925] 035427 55908! .08623] .56880] .08706] .57841 
8.53947 | .03463 18.54942 | .0354318.55925 | .0362418.56896 | .03706 1 8.57856 
.53964 | 034647 .54958] .03545) 55941] 08626) .56912| .08708] .57872 
.03980 | .03466 7 .54975|] 035467 .55957| .03627 56928 | .037091 .57888 
.53997 | 034679 .54991] .035477 .55973] .086297 .56944] .087114 .57904 
8.54014 | .0346818.55008 | 1.03549 1 8.55990 | .03630 1 8.56960 | .03712 | 8.57920 
.54030 | 034708 .55024] .03550 56006 | .03631 56977 | 08713] .57936 
54047 | O3471 9 .55041] 035517 .56022] 036337 .56993] .08715§ 57952 
.54064 | .03472) .55057] .035537 .56039 | .03634] .57009| 087167 .57968 

8.54080 | .0347418.55073 | .0355418.56055 | .03635 1 8.57025 | .0371718.57984 | .03800 

.54097 | .03475— .55090| .03555] .56071 | .03637] .57041| .03719] .58000| .03802 

54114 | 034767 .55106| .03557] .56087)| .03638§ .57057| .087207 .58015] .03803 

.54130 | 084787] .55123 _ 203558 .56104 |] 03639] .57073 | .08797227 .58031 | .03805 

8.54147 | .03479 1 8.55139 | .0356018.56120 | .03641 1 8.57089 | .037231 8.58047 | .03806 

22h 4m 22h gsm 22h som 22h sim 22h som 


1h $3™ 28° 15’ 


03975 | 8.60857 


8.61103 
61118 
61133 
61149 


8.61164 


.61179 
.61194 
.61210 


8.61225 


8.61286 
61301 
61317 
.61332 


8.61347 


61362 
61378 
.61393 


8.61408 


.61423 
.61439 
61454 


8.61469 


.61484 
-61500 
61515 
8.61530 
.61545 
61561 
.61576 
8.61591 
.61606 
61621 
61637 
8.61652 
81667 
.61682 
61697 


61728 
61743 
.61758 


8.61773, 


Page 274] TABLE 34. 
Havernines. 
1h 80m 22° 3Y | 14 $1m 22° 45’ 1h 82m 23° 0 
8 Log. Hav.| Nat. Havj Log. Hav.| Nat. Hav] Log. Hav.) Nat. Hav4 Log. Hav. 
0 8.58047 | .03806 | 8.58994 | .03890 | 8.59931 
i .58063 | .03807] .59010)] .038911 .59947 
2 .568079 | .038097 .59026| .03893 7 .59962 
8 .58095 | .03810]7 .59042| .03894] .59978 
+ 18.58111 | .03812] 8.59057 | .03896 | 8.59993 
5 .58127 | .03813] .59073 | .03897 | .60009 
6 .58142 | .03814] .59089; .03898 .60024 
' 7 58158 | .03816] .59104 | .03900] .60040 
+ 2 18.58174| .0381718.59120| .03901 1 8.60055 
9 58] 03819 | .59136| .039037 .60071 
10 .58206 | .03820] .59151] 03904} .60086 
11 .58222 | .03821 59167 | .039051 .60102 
3 1 8.58238 | .03823 18.59183 | .03907 | 8.60117 
13 68253 | 03824) .59198| .03908] .60133 
14 .58269 | .03826) .59214) 03910] .60148 
15 .568285 | 03827 59230 | .O3911 7 .60164 
4’18.58301 | .0382818.59245 | .0391218.60179 | .03998 
17 .68317 | .03830— .59261| .03914] .60195/| .03990 
18 .58333 | 03831] .59277| 03915) .60210) .04060 
19 .68348 | .03833— .59292| .03917 7 .60226] .04002 
§& 1 8.58364 | .0383418.59308 | .03918 1 8.60241 | .04003 
21 .58380 | 1.03835] .59323} .03920] .60256 | .04005 
22 .68396 | .03837 | .59339] 038217 .60272| .04006 
28 .58412 | .03838) .59355 | 03922] .60287] .04007 
6’ 1 8.58427 | .0383918.59370} .0392418.60303 | .04009 
25 .08443 | 03841] .59386 | .03925] .60318/] .04010 
26 .58459 | 038427 .59402| .63927] .60334) .04012 
27 .08475 | 03844] .59417; 03928] .60349} .04013 
+ 718.58491] .03845 | 8.59433 | .0392918.60365| .04015 
29 .68906 | .03846— .59448| .03831] .60380| .04016 
380 .08522 | 03848] .59464| .03932] .60396] .04017 
$1 .68538 | .0384917 .59480| .039347 .60411] .04019 
8’ 1 8.58554 | .0385178.59495 | .03935 1 8.60426 | .04020 
8S .68570 | 1.038521 .59511 | .088367 .60442) .04022 
34 .08585 | 03853} .59527 | 03938] .60457 | .04023 
85 .58601 | .03855 4 .59542| .03939] .60473 | .04025 
Y | 8.58617 | .0385618.59558 | .0394118.60488 | .04026 
87 .58633 | .03858] .59573 | 03042] .60504] .04027 
88 .08648 | .038597 .59589 | .03944 60519 | .04029 
389 .58664 | .038607 .59604 | .03945 60534 | .04030 
+ 1 8.58680 | .03862 18.59620 | .039461 8.60550 | .04032 
41 .08696 | 038631 .59636 | .038487 .60565| .04033 
42 .58711 | 038657 .59651| .038497 .60581 | .04035 
43 .58727 | .O3866— .59667; .O3951— .60596 | .04036 
+ 11’18.58743 ~ ,03867 18.59682 | .0395218.60611 | .04038 
45 .58759 | 1.03869 .59698 | .03953 .60627| .04039 
46 .58774 | 03870) .59714| 03955 60642] .04040 
47 .58790 | .03872] .59729| .039567 .60658 | .04042 
+ 121 8.58806 ~ £03873 18.59745 | .03958 1 8.60673 | .04043 
49 .58822| 03875] .59760| .03859] .60688 |; .04045 
50 .68837 | .03876] .59776| 03961] .60704| .04040 
51 .58853 | 03877] .59791; 03962] .60719| .04048 
+ 13’18.58869| .0387918.59807 | .03963 | 8.60734 | .04049 
538 .58885 | 03880] .59822] .039657 .60750}] 04050 
54 .58900 | .03882]7 .59838 | 03866] .60765| 04052 
55 .58916 | 03883] .59853 | .03968] .60781 | . .04053 
+ 1418.58932| .0388418.59869 | .0396918.60796 | .04055 
57 .08947 | 03886] .59885| 039717 .60811| .04056 
$8 58963 | .03887]7 .59900| .038721 .60827| .04058 
59 58979 | .03889] .59916| 038731 .60842| .04059 
ck 18’ 18.58994 |) .03890 8.59931 | .03975 1 8.60857 | .04060 
22h 29m 22h 28m . . 22h 27m 


04089 


bP 


—<—<—— 


‘8.61713 


04147 


1h $4m 23° 30/ 
Nat. Havj Log. Hav.) Nat. Hav. 


8.61773 
61789 
.61804 
61819 


8.61834 


61849 
.61864 
-61880 


8.61895 


61910 
.61925 
-61940 


8.61955 


61971 
.61986 
-62001 


8.62016 


8.62077 


.62092 
.62107 
.62122 


8.62137 


62152 
62167 
62182 
8.62197 
.62213 
.62228 
62243 
8.62258 
62273 
.62288 
.62303 
8.62318 


8.62439 
.62454 
.62469 
62484 

8.62499 
.62514 
-62529 
.62544 

8.62559 
62574 
.62589 
.62604 

8.62619 
.62634 
.62649 
.62664 


8.62680 


aE 
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aE 


22h 25m 
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Haversines. 


14 85™ 23° 45’ 1h 86m 24° 1h 87m 24° 15’ 1h 38m 24° 30’ 1h 39m 24° 45/ 
8 Log. Hav.| Nat. Hav] Log. Hav.| Nat. HavJ Log. Hav.| Nat. Hav] Log. Hav.|Nat. Hav. iLog. Hav. |Nat. Hav.§ s 


0 8.62680 | .04234 8.63576 | .04323 | 8.64463 | .0441218.65340 | .04502 | 8.66208 

1 62695 004324) .64477| 044139 .65355 .66223 

2 .62710 004326] .64492| .04415] .65369 .66237 

8 .62725 04327 | .64507 | 044167 . .66251 

+ 118.62740 04329 | 8.64521 | 04418 8.66266 

6 62755 04330] .64536 | .04419 -66280 

6 .62770 04332] .64551] .04471 .66295 

7 -62785 04333 | .64565 | 04422 .66309 

+ 2 18.62800 004335 18.64580 | 04424 8.66323 

9 62815 004336 § .64595 | .04425 66338 

10 .62830 -04338 | .64609 | .04427 .66352 

11 -62845 -04339 | .64624| .04428 .66366 

3’ | 8.62860 -04340 | 8.64639 | .044301 8. 8.66381 

18 62875 043421 .64653) 04431] . .66395 

14 -62890 04343] .64668 | 04433] . .66409 

16 .62904 -04345 | .64683 | .04434] .65558 | .04525] .66424 

+ 4/18.62919 -04346 1 8.64697 | .04436 1 8.65572 | .04526 | 8.66438 

17 .62934 004348 § .64712| 044379 .65587 | .04528] .66453 

18 .62949 004349] .64727 | .04439] .65601| .04529] .66467 

19 .62964 0043515 .64741 | .044401 .65616| 04531] .66481 

5’ | 8.62979 004352 | 8.64756 | 044421 8.65630 | .04532 | 8.66496 

21 .62994 004354 .64771 | .04443] .65645| .04534) .66510 

22 -63009 004355 | .64785 | 04445] .65659 | 04535] .66524 

23 .63024 04357 | .64800 | 04446] .65674 | 04537] .66539 

6’ 1 8.63039 | .04270 | 8.63932 | .0435818.64815 | .04448 1 8.65688 | .04538 | 8.66553 

25 63054 | 04271) .63946 | .04360) 64829 .04449§ .65703| 04540] .66567 

26 -63069 | 04273] .€3961 | 04361) .64844| 04451] .65717| 04541] .66582 

27 -63084 | 04274] .63976 | 04363] 64859 | 04452] .65732 | .04543] .66596 

2” 1 8.63099 | .0427618.63991 | .04364 8.64873 | .0445418.65746 | 04544 1 8.66610 

29 63114 | 04277] .64006 | .04366]) .64888 | .04455] .65761| .04546] .66625 

50 63129 | 04278] .64020| .04367§ .64902| .04457) .65775| 04547] .66639 

$1 .63144 | 04280] .64035 | .04369] .64917 | 04458] .65790| .04549] .66653 

8’ 1 8.63159 | .04281 [8.64050 | .04370 1 8.64932 | .0446018.65804 | .04550 | 8.66668 

58 63174 | 04283] .64065| 04372) .64946 | 04461] .65819| .04552) .66682 

34 63189 | .04284] .64079 | .04373] .64961 | 04463] .65833 | .04553] .66696 

85 - | .63204| .04286] .64094| .04375] .64976 | .04464] .65848| .04555] .66710 

+ 979 8.63218| .04287 8.64109 | .04376 9 8.64990 | 044669 8.65862 | .04556 | 8.66725 

37 63233 | .04289] .64124) .04378§ .65005| .04467— .65876 66739 
$8 63248 | 04290] .64139 | .04379) .65019)| . 


59 63263 | .04292] .64153 | 04381] .65034 | .04470] .65905 
10’ | 8.63278 | .04293 1 8.64168 | .04382 [8.65049 | .04472 | 8.65920 

41 63293 | 042957 .64183 | 04384] .65063 | 04473) .65934 
42 -63308 | .04296% .64198 | .04385 1 .65078 | 04475) .65949 
43 -63323 | .04298] .64212| 043877 .65092 | 044769) .65963| 04567] .66825 
+ 111 8.63338 | .04299] 8.64227 | .0438818.65107 | .0447818.65978 | .04569 | 8.66839 
45 63353 | 04301] .64242 | .04390] .65122 | .04479] .65992] 04570) .66853 
46 63368 | 04302] .64257| .04391] .65136 | .04481] .66006| 04572] .66868 
47 .63382 | 04304] .64271 | .04393] .65151 | 044829 .66021 | 045739 .66882 
+ 12’]8.63397| . 04394 1 8.65165 | .04484 1 8.66035 | .04575 | 8.66896 
49 63412 | 043067 .64301 | .04395] .65180] .04485] .66050] 04576] .66911 
50 .63427 | - : 004397 | .65194 | 04487] .66064| .04578) .66925 
61 .63442 | .04309 7 .64330| .04398] .65209| .04488] .66079| .04579] .66939 

13’ | 8.63457 | .0431118.64345 | .04400] 8.65224 | .044901 8.66053 | .04581 | 8.66952 

53 63472 | 04312] .64360; .04401] .65238| .04491] .66107| 04582] .66968 
54 63487 | 043149 .64374| 04463) .65253 | .04493] .66122| .04584] .66982 
55 63502 | .04315] .64389 | .04404] .65267 | .04494] .66136] .04585] .66996 
+ 14778.63516 | 04317 [8.64404 | .04405 [8.65282 | .04496 [8.66151 | .0458718.67010 
57 63531 | 04318] .64418| .04407] .65296 | .04497] .66165| 04588] .67025 
68 63546 | 04320] .64433 | .04409] .65311| .04499) .66179| .04590] .67039 
59 63561 | 04321] .64448 | .04410) .65325| 045007 .66194| .04591] .67053 


———______— 


15’ [8.63576 | 04323 [8.64463 | .04412 [8.65340 | .04502 [8.66208 | .04593 1 8.67067 
22h 24m 22h 23m 22h gem 22h 21m 


04561] .66768 
04562 | 8.66782 
04564] .66796 


,04558 
044691 .65391| .045591 .66753 
04565 | .66811 
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8.67067 | .04685 |8.67918 | .04777 
.67082 .67932 | 04779 

.67096 .67946 | .04780 

67110 .67960 | .04782 
8.67124 8.67974 | .04783 
.67139 .67988 | .04785 

.67153 .68002 | .04787 

.67167 .68016 | .04788 
8.67181 8.68030 | .04790 
.67196 .68045 | .04791 

.67210 .68059 | .04793 

67224 .68073 | .04794 
8.67238 8.68087 | .04796 
67252 68101 | .04797 

.67267 68115 | .04799 

67281 .68129 | .04801 
8.67295 8.68143 | .04802 
67309 .68157 | .04804 

67323 .68171 | .04805 

67338 68185 | .04897 
8.67352 8.68199 | .04808 
67366 .68213 | .04810 

.67380 .68227 | 04811 

67394 68241 | .04813 
8.67409 8.68256 | 04815 
67423 .68270 | .04816 

67437 .68284 | .04818 

67451 .68298 | .04819 
8.67465 8.68312 | .04821 
67480 .68326 | .04822 

67494 .68340 | .04824 

67508 .68354 | 04825 
8.67522 8.68368 | .04827 
.67536 .68382 | .04829 

(67550 68396 | .04830 

167565 68410 | .04832 
8.67579 8.68424 | .04833 
67593 68438 | .04835 

.67607 .68452 | .04836 

67621 68466 | .04838 
8.67635 8.68480 | .04839 
67649 .68494 | .04841 

.67664 .68508 | .04843 

67678 | .047511 .68522| .04844 
8.67692 | .04752 | 8.68536 | .04846 
.67706 | 04754] .68550| .04847 

67720 | 04756] .68564| .04849 

67734 | 04757] .68578 | .04850 
8.67748 | .04759 | 8.68592 | .04852 
67763 | £04760) .68606| .04854 

67777 | 047621 .68620| .04855 

67791 | .047631 68634 | .04857 
8.67805 | .04765 | 8.68648 | .04858 

58 67819 | 64766) .68662 | .04860 
54 67833 | 04768] .68676| .04861 
55 67847 | .04769] .68690| .04863 
+ 147 78.67861 | .04771 1 8.68704 | .04864 
57 67875 | .047731 .68718| .04866 
58 67890 | .04774 1] .68732| .04868 
59 67904 | .047767 .68746| .04869 
+ 15’ 18.67918 | .04777 | 8.68760 | 04871 

22h 19m ooh 18m 


TABLE 34. 


Haversines. 


Pm 


Log. Hav.|Nat. Hav. Log. Hav.! Nat. Havj Log. Hav.) Nat. Hav4d Log. Hav.) Nat. Hav 


31 8.69482 


8.68760 
.68773 
.68787 
-68801 

8.68815 
68829 


04871 


8.68927 
68941 
-68955 
-68969 


8.68983 
68996 
.69010; . 
69024 


8.69149 
69163 
69177 
.69191 

8.69205 
.69219 
.69233 
.69247 

8.69260 
.69274 
.69288 
.69302 

8.69316 
.69330 
.69344 
.69358 

8.69371 
69385 
.69399 
.69413 

8.69427 
.69441 
.69454 
.69468 


.69496 
.69510 
. 69524 
8.69537 
69551 
.69565 
.69579 
8.69593 


22h 17m 


.04965 


1h 4$™ 25° 45/ 


8.69593 


8.69703 
69717 
69731 
.69745 
8.69758 
.69772 
.69786 
69800 
8.69814 
.69827 
.69841 
.69855 
8.69869 
.69882 
.69896 | . 
.69910 | .05001 
8.69924 
.69937 
69951 | 
.69965 | . 

8.69979°| .05009 
.69992] . 


05057 
05059 


8.70418 | .05060 
22h 16m 


Log. Hav. 


8.71126 


1h 44m 26° 0 


8.70527 
70541 
.70554 
-70568 


8.70582 


8.70691 
.70704 
.70718 
.70732 

8.70745 
.70759 
70773 
.70786 


8.70800 
70813 
70827 
70841 


8.70854 
70868 
70881 
70895 


8.70909 
.70922 
70936 
.70949 


8.70963 
10977 
.70990 
.71004 

8.71017 
71031 
71045 
.71058 

8.71072 
-71085 
.71099 
71112 


71140 
71153 
71167 
8.71180 
71194 
71207 
71221 
8.71234 


BHRSRBSSLS SLAF ISSS | @ 


22h 14m 


22h 13m 


22h 1gm 


TABLE 34. 
_Haversines. 
Jh 45™ 26° 15’ | 14 46" 26° 3 | 14 47m 26° 45/ 1h 48™ 27° 0 
a |Log. Hav.| Nat. Hav] Log. Hav | Nat. Hav4 Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav. 
0 8.71234 | .05156 | 8.72043 | .05253 1 8.72844 | .0535118.73637 | .05450 
1 .71248 | .061584 .72057| .05255] .72857| 05353] .73650| .05451 
2 71261 | 05160] .72070| 05257] .72871| .05354] .73663 | .05453 
J .71275 | 05161] .72083| .05258) .72884| .05356) .73677| .05455 
+ 1 8.71289| .0516318.72097| .05260)8.72897 | .0535818.73690 | .05456 
6 .71302 | .05164] .72110| 05261] .72910| .05359] .73703| .05458 
6 .71316 | 005166] .72124| 05263] .72924| .O053611 .73716| .05460 
7 .71329 | .05168) .72137| 05265] .72937 | .05363— .73729) .05461 
+ 8 18.71343| .0516918.72150| .05266 1 8.72950 | 053641 8.73742 | .05463 
9 .71356| O5171] .72164| .05268]. .72963| .053661 .73755| .06464 
10 -71370 | O5172] .72177| 05270] .72977 | .053671 .73769| .05466 
11 .71383 | 06174] .72191| 05271] .72990| .05369] .73782) .05468 
3’ 1 8.71397 | .05176 1 8.72204 | .05273 1 8.73003 | .0537118.73795 | .05470 
18 .71410| 05199] .72217| .05274] .73016| .053721 .73808| .05471 
14 71424 | 051799 .72231| 05276) .73030] .05374]1 .73821| .05473 
15 .71437 | 05181] .72244)} .05278] .73043} .05376] .73834/ .05474 
4/18.71451 | .05182 1 8.72257 | .05227918.73056 | .05377 | 8.73847 | .05476 
17 -71464| .05184] .72271| 05281} .73069| .05379]1 .73860| .05478 
18 .71478 | 05185] .72284| .05283] .73083 | 05381] .73874| .05479 
19 .71491 | .05187] .72298| .05284] .73096| .05382 73887 | 05481 
& 18.71505 | .0518918.72311 | .05286 | 8.73109 | .0538418.73900 | .05483 
21 -71518 | .05190] .72324| .05287— .73122| .06385] .73913| .05484 
22 -71532 | 05192] .72338) .05289— .73136| .05387] .73926| .05486 
28 71545 | 05193] .72351| .05291] .73149] .05389]7 .73929] .05488 
@ 18.71559 | .0619518.72364 | .05292 1 8.73162 | .053901 8.73952 | .05489 
25 71572 | 05197] .72378| .05294] .73175| .05392] .73965| .05491 
26 -71586 | 1.05198] .72391} .05296] .73189| .05394] .73978/ .05493 
27 .71599 | 05200] .72404| .05297] .73202| .053957 .73992] .05404 
2’ 18.71613 | .0520118.72418 | .052891 8.73215 | .0539718.74005| .05496 
29 -71626 | 05203] .72431| .05300] .73228| .05399] .74018] .05498 
380 .71640 | 05205] .72445| .05302] .73241] .05400] .74031/] .05499 
$1 .71653 | 05206] .72458| .05304] .73255] .05402] .74044| .05501 
8 18.71667 | .05208 1 8.72471 | .05305 | 8.73268 | .0540418.74057 | .05503 
SS .71680 | 05210) .72485] .05307§ .73281] .05405) .74070] .05504 
34 .71694 | 52114 .72498| .05309] .73294] .05407] .74083] .05506 
$85 71707 | 05213] .72511} .05310] .73308| 05408] .74096| .05508 
9 18.71721| .0521418.72525] .05312 1 8.73321 | .0541018.74109 | .05509 
37 71734 | 05216] .72538| .05314] .73334] 05412] .74122} .05511 
388 71748 | 052287 .72551] .05315] .73347| 05413] .74135] .05513 
389 71761 | .06219— .72565) .05317] .734360] .05415] .74149| .05514 
+ 10° ]8.71774| .0522118.72578 | .05318 | 8.73374 | .0641718.74162 | .05516 
41 71788 | 5222 .72591] .05320§ .73387| 05418] .74175| .05518 
42 -71801 | 52241 .72605] 05322) .73400| 05420] .74188] .05519 
48 71815 | 52267 .72618| 053231 .73413 | .05422] .74201] .05521 
11’ 8.71828 | .05227 1 8.72631 | .05325 | 8.73426 | .0542318.74214| .05523 
45 -71842 | 05229] .72644| .05326] .73440| .05425] .74227] .05524 
46 .71855 | OS231 4 .72658 | 05328] .73453 | .054271 .742410|] .05526 
47 .71869 | .05232] .72671| .05330] .73466! .05428] .74253] .05528 
12’ 1 8.71882 | .0523418.72684 | .05331 1 8.73479 | .0543012.74266| .05529 
49 -71895 | .05235] .72698| .05333] .73492| .05431 1 .74279| .05631 
50 .71909 | 05237] .72711| 05335] .73505] .054331 .74292/] .05533 
51 71922 | 05239] .72724| 053367 .73519) .05435]1 .74305| .05534 
13’ 1 8.71936 | .0524018.72738 | .05338 1 8.73532 | .05436] 8.74318 | .05536 
58 71949 | 05242) .72751| .05340) .73545| .05438] .74331| .05537 
54 71963 | .05244] .72764| 053417 .73558| .054404 .74344] .05539 
55 71976 | 05245] .72778| 053431 .73571 | .054411 .74357| .05541 
+ 14] 8.71989 | .05247 8.72791 | .05345 | 8.73584 | .05443 [8.74371 | .05542 
57 .72003 | 05248] .72804| 05346] .73598| .05445) .74384] .05544 
58 72016 | .05250] .72817| .053481 .73611| 054461 .74397| .05546 
59 .72030 | 052521 .72831| 053499 .73624| .054481 .74410| .05547 
19 1 8.72043 | .05253 18.72844 | .053511 8.73637 | .0545018.74423 | .05549 1 8.75201 


22h 11m 


8.75097 
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1h 49m 27° 15/ 


og. Hav. |Nat. Hav.] s 


: 


06557 


: 


: 


8.74994 
75007 
.75020 
75033 

8.75046 
-79059 
19072 
75084 


75110 
79123 
75136 
8.75149 
75162 
75175 
75188 
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Haversines. 


1h 50™ 27° 30’ 1h 51m 27° 45/ 1h 52m 28° 0” 1h &3m 28° 15’ | 14 54m 28° 30’ 


8 Log. Hav.| Nat. Hav Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav Log. Hav.| Nat. Hav] 6 
0 8.75201 .05751 | 8.76735 | .0585318.77492 | .0595518.78241| .06059] 60 
1 75214 .05752 | .76748| .05854] .77504| .05957] .78254| .06061] 59 
2 75227 -05754] .76760| .05856] .77517| .05959] .78266| .06063] 58 
3 75239 .05756] .76773| .05858] .77529| .05961] .78278| .06064] 57 
+ 17178.75252 .05757 | 8.76786 | .05859] 8.77542} .05962]8.78291| .06066] 56 
5 75265 .05759 | .76798| .05861] .77554| .05964] . -06068 | 55 
6 75278 .05761] 76811] .05863] .77567| .05966 -06070 | 54 
7 75291 05762 | .76824| .05865]} .77579| .05968 -06071 | 55 
+ 27178.75304 -05764 | 8.76836 | .05866]8.77592 | .05969]8.78341| .06073] 52 
9 75317 -05766] .76849| .05868] .77604| .05971] .78353| .06075] 51 
10 75330 .05768] .76862| .05870] .77617| .05973] .78365| .06077] 50 
11 75343 -05769 | .76874| .05871] .77630| .05974] .78378| .06078] 49 
+ 3/18.75355 8.76125 8.76887 | .05873]8.77642 | .0597618.78390| .060804 4% 
18 .75368 .76138 | .05773] .76900| .05875] .77655| .05978] .78403/| .06082] 47 
14 75381 .76150| .05774] .76912| .05877] .77667] .05980] .78415| .06083] 46 
15 75394 .76163 | .05776] .76925| .05878] .77680/ .05981] .78428| .06085] 45 
+ 47 1 8.75407 8.76176 | .05778] 8.76938 | .0588018.77692| .0598318.78440| .06087 | 44 
17 .75420 .76189 | .05779] .76950| .05882] .77705| .05985] .78452| .06089} 43 
18 75433 .76201| .05781] .76963] .05883] .77717]| .05986] .78465| .06090} 42 
19 75446 .76214| .05783} .76975| .05885] .77730| .05988] .78477| .06092] 42 
+ 8 18.75458 8.76227 | .05785 | 8.76988 | .0588718.77742| .0599018.78490 | .06094] 40 
21 75471 .76240| .05786] .77001| .05888] .77755| .05992] .78502| .06096 4 39 
22 75484 .76252 | .05788] .77013| .05890]1 .77767| .05993] .78514| .06097 | 38 
28 75497 .76265 | .05790] .77026| .05892] .77780] .05995] .78527| .06099] 37 
+ 6 18.75510 8.76278 | .05791] 8.77039 | .0589418.77792| .0599718.78539 | .06101 } 36 
25 75523 .76291 | .05793] .77051] .05895] .77805| .05999] .78551| .06103] 35 
26 .75536 .76303 | .05795] .77064| .05897] .77817| .06000] .78564| .06104] 34 
27 .75548 .76316 | .05796] .77076| .05899] .77830] .06002] .78576| .06106] 33 
+ 97 18.75561 8.76329 | .0579818.77089 | .05901 ] 8.77842 | .06004]8.78589 | .06108 
29 75574 .76341 | .05800] .77102| .05902] .77855| .06005] .78601| .06110 
80 75587 05802 | .77114| .05904] .77867| .06007] .78613| .O06111 
$1 .75600 05803 | .77127| .05906] .77880| .06009] .78626| .06113 
+ 8 18.75613 8.77139 | .05907 [8.77892 | .0601118.78638 | .06115 
83 75626 .77152 | .05909] .77905| .06012] .78651| .06117 
84 75638 -77165 | .05911] .77917| .06014] .78663/ .06118 
35 £75651 .77177 | .05913] .77930| .06016] .78675] . 
+ 9 18.75664 -05812 18.77190| .0591418.77942| .06018]8.78688 | .06122 
87 £75677 -05813 | .77202| .05916] .77955| .06019] .78700| .06124 
88 .75690 .05815 | .77215| .05918] .77967| .06021] .78712| .06125 
89 £75703 .05817 | .77228| .05919} .77980| .060231 .78725| .06127 
+ 10 18.75715 . 8.77240 | .0592118.77992| .0602418.78737 | .06129 
41 75728 -05820-4 .77253]| .05923] .78005| .06026] .78749| .06130 
42 75741 -05822 | .77265| .05925] .78017| .06028] .78762| .06132 
48 .75754 | .0 .77278 | .05926] .78029| .06030] .78774| .06134 
+ 117 18.75767 8.76532 8.77291 | .0592818.78042 | .0603118.78787| .06136 
45 75779 76545 .77303 | .05930] .78054| .06033] .78799| .06137 
46 75792 .76558 .77316 | .05931] .78067| .06035] .78811]| .06139 
75805 .76570 .77328 | _.05933] .78079| .06037] .78824| .06141] 13° 
8.75818 8.76583 8.77341 | .05935 ]8.78092| .06038]8.78836 | .06143 
7E831 .76596 .77353 | .05936] .78104] .06040] .78848| .06144 
75844 .76608 .77366 | .05938] .78117| .06042] .78861| .06146 


.77379 | .05940] .78129| .06044] .78873/| .06148 
8.77391 | .05942] 8.78142 | .0604518.78885| .06150 


75856 ; 
'77404.| 05943) .78154| .060471 .78898| .06151 


75882 
-75895 -77416 | 05945] .78167| .06049] .78910| .06153 
75908 _ 77429 | 05947] .78179 .06050} .78922| .06155 
8.77441 | .05949]8.78191 | .0605218.78935 | .06157 
.77454 | .05950] .78204| .06054] .78947| .06158 
-77466 | .05952] .78216| .06056] .78959;| .06160 
-77479 | .05954] .78229| .06057] .78972)| .06162 


-05853 | 8.77492 | .0595518.78241 | .0605918.78984 | .06164 
22h %m 22h 6m 22h 5m 


+ 


49 
50 
§1 


ARS 


|88Q 


8.79132 


.79144 
.79156 
-79169 
8.79181 
79193 
.79205 
79218 
8.79230 
79242 
79255 
79267 
8.79279 
79291 
.79304 
.79316 


8.79328 
.79341 
.79353 
79365. 

8.79377 
.79390 
.79402 
79414 


8.79426 
79439 
79451 
.79463 

8.794795 
.79488 
79500 
79512 

8.79524 
79537 
.79549 
.79561 

8.79573 
-79586 
.79598 
.79610 

8.79622 
.79634 
.79647 
.79659 

8.79671 
-79683 
.79696 
.79708 


8.79720 


£2h 4m 


.| Nat. Havd Log. Hav 


06164 | 8.79720 | .06269 | 8.80449 | 06375 
.79732 | 06371] .80462| 06377 
.79744 | .06273] .80474| .06379 
.79757 | 06274} .80486| .06381 
8.79769 | .06276 | 8.80498 | .06382 
.79781 | .06278} .80510| .06384 
.79793 | .06280} .80522| .06386 
.79805 | 06281} .80534} .06388 
8.79818 | .06283 | 8.80546 | .06389 
.79830 | .06285} .80558| 06301 
79842 | .06287] .80570| 06383 
.79854 | .06288 | .80582| .06395 
8.79866 8.80595 | .06397 
.79879 :80607 | .06396 
.79891 80619 | .06400 
.79903 80631 | .06462 
8.79915 8.80643 | .06404 
.79927 80655 | .06400 
79940 .80667 | .06487 
79952 80679 | .06400 
8.79964 8.80691 | .ee4ii 
.79976 .80703 | 06413 
.79988 .80715 | 06414 
80000 .80727 | 06416 
8.80013 8.80739 | .06418 
80025 .80751 | .06420 
.80037 .80764 | .06421 
80049 | .66317} .80776| .06423 
.06213 | 8.80061 | .06318 | 8.80788 | .06425 
06214] .80073| 06320} .80800| .06427 
06216] .80086| .06322] .80312| .06429 
.06218 | .80098| .06324} .80824| .0643e 
.06220 | 8.80110 | .06326 | 8.80836 | .06432 
06221] .80122| .06327] .80848| 06434 
.06223| .80134| 06329] .80860| .06430 
.06225 | .80146| .66331.] .80872| .06438 
.06227 | 8.80158 | .06333 | 8.80884 | 06430 
.06229| 180171] .06334] .80896| .06441 
06230} .80183| 06536} .80908 | .06443 
.06232 | .80195| 06338} .80920| .06445 
06234 | 8.80207 | .06340 | 8.80932 | 06446 
.06236 | .80219| .06341] .80944| .06448 
.06237 | 80231} .06343] .80956| .06450 
.06239 | .80243| 06345] .80968 | .06452 
.06241 | 8.80256 | .06347 | 8.80980 | .06454 
.06243 | 80268 | .06349] .80992 | .06455 
.06244 | .80280| .06350] .81004| .06457 
.06246| .80292 | .06352] .81016| .06459 
06248 | 8.80304 | .06354 [8.81028 | .06461 
.06250| .80316| .06356} .81040| .06463 
.06251| .80328| .06357] .81052| .06464 
06253] .80340 |_.06359} .81064| .06466 
.06255 | 8.80353 | .06361 | 8.81076 | .06468 
06257 | 80365 | .06363] .81088 | .06470 
.06258 | .80377| .06365] .81100| .06471 
.06260} .80389| .06366] .81112| .08473 
06262 | 8.80401 | .06368 [8.81124 | .06475 
06264} .80413} .06370] .81136| .06477 
.06265 | .80425| .06372] .81148| .06479 
.06267 ] .80437| .06373] .81160| .06480 
06269 | 8.80449 | .06375 | 8.81172 
22h gm 22h em 


8.81172 
81184 
81196 
-81208 


8.81220 
81232 


8.81316 
81328 
.81340 
‘81352 
8.81364 
.81376 
81388 
.81400 
8.81412 
.81424 
.81436 
.81448 
8.81460 
.81472 
81484 
.81496 


8.81508 
81520 
81531 
81543 

8.81500 
81567 
£81579 
81591 


8.81603 
81615 
.81627 
81639 

8.81651 
.81663 
+81675 
81687 

8.81699 
.81710 
.81722 
.81734 


8.81746 


81758 
81770 
81782 
8.81794 
81806 
81818 
81830 


8.81937 
81948 
81960 
.81972 


8.81984 
81996 
"82008 
82020 

8.82032 
82043 
82055 
82067 

8.82079 
82091 

- 82103 
82115 

8.82126 
82138 
82150 
82162 

§.82174 
82186 
82198 
82209 

8.82221 
82233 
82245 
82257 

§.82269 
,82280 
82292 
82304 

8.82316 
82328 
.82340 
82351 

8.82363 
82375 
82387 
82399 

8.82410 
82422 
82434 
82446 

8.82458 
82470 
82481 
82493 

8.82505 
82517 
82529 
82540 


8.82552. 


82564 
82576 
82588 
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TABLE 34. 
Haversines. 

1h 50™ 27° 30 1h 51" 27° 48/ 1h 52m 28° & 1h &$™ 28° 15’ 1h 54™ 28° 30 
Log. Hav. Nat. Hav. Hav J Log. Hav.| Nat. Hav4 Log. Hav.| Nat. HavJ Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav. 
8.75201 05649 8.75972 | .057511 8.76735 | .05853 1 8.77492 ~ 05955 8.78241 | .06059 
76214) @66511 .75984 .76748 | .05854] .77504| .059571 .78254)| .06061 
.75227 | 1.056534 .75997 .76760| .05856§ .77517| 059591 .78266| .06063 
.75239 | 056551 .76010 .76773 | .05858] .77529| .089611 .78278| .06064 
8.75252 | 1.05656 | 8.76023 8.76786 |; .0585918.77542 | .0596218.78291 | .06066 
.75265 | .05658 1 .76035 .76798 | 05861] .77554| .05964] .78303 | .06068 
.75278 | .056601 .76048 76811} .05863] .77567| 059667 .78316 | .06070 
.75291 | 056611 .76061 -76824 | 05865] .77579| 05968] .78328 | .06071 
8.75304 | .05663 | 8.76074 8.76836 | .0586618.77592 | .0596918.78341| .06073 
.75317 | .056651 .76086 .76849 | .05868] .77604| .059711 .78353 | .06075 
.75330 | 056661 .76099 -76862 | .05870] .77617| .069731 .78365| .06077 
.75343 | 056681 .76112 .76874| 068711 .77630| .05974] .78378| .06078 
8.75355 | .03670 | 8.76125 8.76887 | .05873 1 8.77642 | .05976 1 8.78390 | .06080 
.75368 | .056711 .76138 -76900 | .05875] .77655| .05978] .78403 | 06082 
.75381 | 056731 .76150 76912 | .05877} .77667) 05980] .78415| .66083 
.75394 | .05675 1 .76163 76925 | .05878] .77680] .05981] .78428 | .06085 
8.75407 | .05676 | 8.76176 8.76938 | .0588018.77692 | .05983 1 8.78440 | .06087 
.75420 | .05678 1 .76189 76950 | 058821 .77705]| . .78452 | 06089 
.75433 | .056801 .76201 -76963 | .06883] .77717| .059861 .78465| .06090 
.75446 | 05681] .76214 76975 | 05885] .77730| .05988] .78477| .06092 
8.75458 | .05683 | 8.76227 8.76988 | .05887 18.77742 | .0599018.78490 | .06094 
-75471 | 05685] .76240 77001 | .05888] .77755| .059921 .78502 | 06006 
.75484 | 066869 .76252 77013 | .06890] .77767| .@58031 .78514| .06697 
-75497 | 05688 .76265 77026 | .05892] .77780| .059951 .78527| .06099 
8.75510 | .0569018.76278| .0579118.77039 | .0589418.77792| .0599718.78539 | .@6101 
.75523 | .05691 1.76291] .05793— .77051| .05895] .77805] .0599099 .78551 | .06168 
.75536 | .056931 .76303| .05795) .77064| .05897] .77817] .060001 .78564| .06164 
.75548 | .056951 .76316| .05796] .77076| .058991 .77830] .060021 .78576| .06106 
8.75561 | .05697 1 8.76329 | .0579818.77089 | .0590118.77842| .0600418.78589 | .06108 
.75574 | 05698] .76341] .05800] .77102| .05902] .77855| .06005] .78601 | .O6110 
«75587 | 05700] .76354| .058021 .77114| .059041 .77867| .06007] .78613 | .O6111 
.75600 | .05702] .76367| .05803] .77127| .059061 .77880| .060001 .78626| .06113 
8.75613 | .0570318.76380 | .0580518.77139 | .0590718.77892) .0601118.78638 | .06115 
.75626 | 1.05705} .76392| .05807] .77152| .059091 .77905| 0601291 .78651 | 06117 
.70638 | .057071 .76405| .05808] .77165/] 059111 .77917| .060141 .78663| .06118 
-75651 | 05708] .76418| .058101 .77177| .05913]1 .77930| .060161 .78675]| .06120 
8.75664 | .0571018.76431| .0581218.77190| .0591418.77942| .0601818.78688 | .06122 
«75677 | 057124 .76443| .058131 .77202| .05916) .77955| .06019] .78700| .06124 
.75690 | .O57131 .76456| .058157 .77215| 060181 .77967| 060211 .78712| .06125 
.75703 | 05715) .76469] .0568171 .77228| .05919% .77980 _ 06023 .78725 | .06127 
8.75715 | .05717 8.76481 | .0581918.77240| .0592118.77992| .0602418.78737 | .06129 
75728 | 5718] .76494| .05820-4 .77253| 05823] .78005| .06026] .78749| .06130 
70741 | 059720) .76507| 058221 .77265| 059251 .78017| .060281 .78762| .06132 
070754 05722 76519 | .05824§ .77278) .05926] .78029 | 06030 -78774 | 06134 
8.75767 | .0572418.76532| .0582518.77291 | .0592818.78042| .0603118.78787 | .06136 
.75779 | 057258 .76545| .058274 .77303 |} .05930] .78054| .06033] .78799] .06137 
75792 | 87279 .76558| 058291 .77316| .O583811 .78067| .060351 .78811] .06139 
.70805 | 057280 .76570| .05830] .77328 | .05933 1 .78079| .060371 .78824]| .06141 
8.75818 | .0573018.76583 | .05832 18.77341 | .0593518.78092 | .0603818.78836 | .06143 
1c831} .0573825 .76596| .05834] .77353| .059361 .78104| .060401 .78848| .06144 
075844 | 0573841 .76608| .05836] .77366| .05938] .78117| .06042] .78861/ .06146 
-70856 | 057357 .76621| .05837] .77379| .059401 .78129/| .060441 .78873] .06148 
8.75869 | 05737 | 8.76634 | .0583918.77391 | .0594218.78142 | .0604548.78885 | .06150 
70882 | 057397 .76646| .058411 .77404] .05943] .78154/| .060471 .78898| .06151 
-75895 | 057407 .76659 | .058421 .77416| .05945]1 .78167/| .060491 .78910/] .06153 
.70908 | .057424 .76672| .05844] .77429| .05947] .78179; .060501 .78922) .06155 
8.75920 | .0574418.76684| .0584618.77441| .0594918.78191 | .0605218.78935 | .06157 
.75933 | .05745 1 .76697| .05847] .77454] .059509 .78204! .060541 .78947/| .06158 
15946 | 05747 .76710) .05849] .77466| .059521 .78216| .06056] .78959/| .06160 
79959 | 057497 .76722| 058511 .77479| .05954]7 .78229| .060571 .78972| .06162 
8.75972 | .057511 8.76735 | .0585318.77492 | .0595518.78241 | .0605918.78984 | .06164 

22h 9m 2h 8m 22h %m 22h 6m 22h 5m 
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89 
$8 
$7 
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TABLE 34. 


\Haversines. 
1h 55™ 28° 45/ 1h 56™ 29° & 
Log. Hav.| Nat. Hav Log. Hav.) Nat. Hav. 


1h 57m 29° 15/ 1h 58m 28° 30 14 59m 2° 45/ 
Log. Hav.| Nat. Havj Log. Hav.| Nat. HavJ Log. Hav.) Nat. Hav 


0 |8.78984| .e6164 | 8.79720 8.80449 | 06375 | 8.81172 | .06482 | 8.81389 
1 78996 | .06165| .79732 80462 | .06377] .81184] 106484] .81901 
2 | .79009| .06167| .79744 .80474 | .06379} .81196| ,06486} .81913 
$3 | .79021| 06169] .79757 80486 | 06381] .81208] .06488] .81925 
+ 1’78.79033 | .06171 | 8.79769 8.80498 | .06382 | 8.81220 | .06489 | 8.81937 
& | .79046| 06172] .79781 80510} 06384] .81232| .06491| .81948 
6 | .79058| .061274} .79793 80522 | .063861 .81244| .96493] .81960 
7 | .79070| .06176| .79805 80534] .063881 .81256| 06495] .81972 

8.79082 | .06178 | 8.79818 8.80546 | 06359 | 8.81268 | .06497| 8.81984 | .06606 

9 79095 | .06179} .79830 .80558 | .06301] .81280| .06498]| .81996| .e66es 

79107 | .06181] 79842 80570 | .06393] .81292] .065001 .82008/| .06608 

79119} .06183] .79854 80582 | .06395} '81304| .06502} .82020] .06610 

8.79132 | .06185 | 8.79866 8.80595 | .06397 | 8.81316 | .06504 | 8.82032 | .06612 

79144 | .06186] .79879 :80607 | .06398 | 81328] .065051 .82043| .o6014 

.79156 | .06188} .79891 80619 | .06400) .81340| 06567] .82055| .06015 

79169 | .06190} .79903 80631 | .06482] :81352| .06509] 82067] .06617 

-06192 | 8.79915 8.80643 | .06404 | 8.81364 | .06511 | 8.82079 | .06619 

.06193 | .79927 80655 | .06400) .81376| .06513) .82091| .e6621 

06195 | .79940 .80667 | .06407] .81388| .06514]° .82103| .06623 

.06197 | .79952 80679 | .06400] 81400] .06516] .82115| .06624 

-06199 | 8.79964 8.80691 | 06411 | 8.81412 | .06519 | 8.82126 | .06626 

.06200 | .79976 .80703 | 06413} .81424| .06520} .82138| .06628 

.06262 | .79988 80715 | 06414] .81436| .06522] .82150| .oeese 

062041. 80727 | .06416] .81448| 06523] .82162| .06632 

~ 06206 | 8.80013 8.80739 | .06418 | 8.81460 | .06525 | 8.82174 | .06683 

06207 | .80025 80751} .06420] .81472] 06527] .82186| .06635 

.06200 | .80037 80764 | 06421] .81484| .06529] .82198| .e6es7 

.06211} .80049 80776 | .06423} .81496] .e6531} .82209] .06639 

.06213 | 8.80061 8.80788 | 06425 | 8.81508 | 06532 | 8.02221 | .06641 

.06214 | .80073| .06320] .80800| .06427} .81520| .06534] .82233| .0¢642 

.06216 | .80086 | .06322] .80812} .06429] .81531| .e6536] .82245| .e¢e44 

5| .06218] .80098| .06324} .80824| .06430) .81543| .06538| .82257| .06646 

.06220 | 8.80110 | .06326 | 8.80836 | .06432 | 8.51550 | .06540 | 8.82260 | .06648 

.06221 | .80122| .06327] .80848| 06434] .81567| .06541] .82280] .06650 

.06223| .80134| .06329] .80860| .06436] .81579| .065431 82292 | .06652 

.06225 | .80146| .06331.) .80872| .06438] .81591] .065451 .82304| .66653 

06227 | 8.80158 | .06333 | 8.80884 | 06439 | 8.81603 | .06047 | 8.82316 | .06655 

.06229 | .80171| .06334] .80896| .06441] .81615| .06549) .82328| .06657 

.06230 | .80183 | .06336] .80908| .06443] '81627| .e655@] .82340| .066s9 

.06232 | .80195| .06338]} .80920| .064451 .81639] .06552] .82351| .eeeet 

+ 107] 8.79475 | .06234 | 8.80207 | .06340 | 8.80932 | .06446 | 8.81651 | .06504 | 8.82363 | .06662 

41 79488 | .06236] .80219 .80944| .06448] .81663| .06550] .82375| .eeees 

79500 | 062371 ..80231 .80956 | .064501 ,81675| .06558] .82387| .esees 

43 79512 | .06239 | '80243 80968 | .06452] .81687] .06559] .82399] .e666s 

7 if’ [8.79524 | .06241 | 8.80256 8.80980 | .06454 | 8.81699 | .06561 | 8.82410 | .06670 

45 | .79537| .06243] .80268 .80992 | .06455] .81710| 06563] .82422/ .o6e71 

46 79549 | .06244] .80280 81004 | .06457] .81722] .06565] .82434| .06673 

47 79561 | 06246] .80292 2] 81016 | .06459} .81734| .06567] .82446| 06675 

1271 8.79573 | 06248 | 8.80304 8.81028 | .06461 | 8.81746 | .06568 | 8.82458 | .06677 

49 79586 | 206250} .80316 81040 | .06463] .81758| .06570] .82470} .06679 

60 | .79598} .06251] .80328 81052 | .06464) .81770| .06572] .82481| .e¢esi 

51 79610 | .06253} .80340 81064 | .06466] .81782| .065741 .82493| .o6és2 


+ 13/1 8.79622 | .06255 | 8.80353 8.81076 | .06468 |8.81794 | 06576] 8.82505 | .06684 
.79634 | 06257] .80365| 06363] .81088 | .06470] .81806| .06577] .82517| .06686 
79647 | 06258] .80377 | .06365] .81100} .06471] .81818| .06579] .82529| .06688 
.79659 | .06260] .80389 | .063667 .81112} .06473] .81830| .06581] .82540] .06690 
+ 14/18.79671 | .06262 1 8.80401 | .06368 | 8.81124 | .06475 18.8184] | .06583 }8.82552 | .06691 
.79683 | 06264) .80413 | .06370) .81136| .06477] .81853 | .06585] .82564| .06693 
79696 | 062659 .80425| .063721 .81148| 06479] .81865| .06586] .82576| .06695 
. 06697 

06699 


ARS 


SQ 


.79708 | 06267 .80437 | .06373] .81160/ 064807 .81877| 06588] .82588 
+ 18 18.79720| 062691 8.80449 | .0637518.81172 | .06482}8.81889 | .06590§8.82599| . 


22h 4m 22h gm 22h em 22h jm 2ehom 


Pago 280] TABLE 34. 


Haversines. 


2h om 30° 2h 7m 30° 15’ 2h om 30° 30’ 2h $m 30° 45/ 2h 4m 31° 
8 Log. Hav.| Nat. Hav Log. Hav.| Nat. Hav4 Log. Hav.) Nat. Hav§ Log. Hav.) Nat. Havd Log. Hav.| Nat. Havd s 


8.82599 .06808 | 8.84002 | .06919| 8.84694 | .0708018.85380| .07142] 60 
82611 .06810] .84013| .06920} .84705| .07082] .85301| .07144] 59 
82623 06812] .84025| .06922] .84717| .07083] .85403| .07145] 53 
82635 06814} .84036| .06924] .84728| .07085] .85414| .07147) 57° 
8.82646 06816 | 8.84048 | .06926 | 8.84740 | .07037 | 8.85425 | .07149|| 56 
82658 .06817} .84059| .0¢6928 07039} .85437| .07151] 55 
82670 .06819} .84071| .06830 07041] .85448| .07153] 54 
82682 .06821} 84083 | .06931 07043] 85459 | .07155] 58 
8.82694 .06823 | 8.84004 | .06933 07045 | 8.85471 | .07157 | 52 
82705 .06825} .84106| .06935 07046] .85482| .07158] 51 
82717 .06826] .84117| .06937 £07048] 85494] .07160] 50 
82729 .06828] .84129| .06939 .07050} .85505 | .07162] 49 
8.82741 .06830 | 8.84140 | .06941 07052 | 8.85516 | .07164| 48 
82752 .06832] .84152| .06943 .07054] 85528] .07106 47 
82764 .06834] .84164| .06944 .07050} .85539| .07168] 46 
82776 .06836] .84175| .06946 07058] .85550| .07170| 45 
8.82788 06838 | 8.84187 | .06948 07059 | 8.85562 | .07172| 44 
82799 .06839] .84198| .06950 .07061} .85573| .07173] 43 
82811 06841] .84210] .06952 07063} .85585| .07175| 42 
82823 .06843| .84221| .06954 07065] 85596 | 07177] 41 
8.82835 .06845 | 8.84233 | .06956 07067 [ 8.85607 

82846 06847] .84244| .06957 .07069] .85619 

82858 .06849] .84256| .06958 .07071} 85630 

82870 .06850] .84268| .06961 07073] .85641 

8.82882 .06852 | 8.84279 | .06963 07074 | 8.85653 

82893 06854] .84291| .06965 .07076] .85664 

82905 .06856] .84302| .06967 .07078 | 85675 

82917 .06858] .84314| .06968 .07080] | .85687 

8.82929 06860 | 8.84325 | .06970 -07082 | 8.85698 

82940 .06861] .84337| .06972 .07084] 85709 

82952 .06863] .84348| .06974 07086 | 85721 

82964 .06865} .84360| .06976 07087] .85732 

8.82976 .06867 | 8.84371 | .06978 | 8.85060 | .07089 | 8.85743 | . 


82987 -06869 | .84383 | .06980 -07091] .85755 
82999 06871] .84394| .06981 -07083} .85766 
83011 -06872] .84406 | .06983 97085 | .85777 
8.83023 -06874 1 8.84417 | .06985 | 8. 07097 | 8.85789 
.83034 -06876 7 .84429 | .06987 007999} = .85800 
.83046 -06878 | .84441| .06989 071007 = .85811 
82058 -06880 | .84452| .06991 671027 = .85823 
8.83069 06887 | 8.84464 | .06993 07104 | 8.85834 
83081 -06884 | .84475| .06994 e07106 7 .85845 
83093 -06885 | .84487| .06996 -07108 | = .85857 
83105 -06887 | .84498 | .06998 07110} 85868 
8.83116 -06889 | 8.84510 | .07000 007112 | 8.85879 
83128 06891 { .84521 | .07002 07114] .85891 
83140 -06893 } .84533 | .07004 007115} .85902 
83151 -06895 | .84544| .07006 071177 = .85913 
8.83163 -06896 | 8.84556 | .07007 1 8.85243 | .07119 | 8.85925 
83175 -06S898 | .84567 | .07009] .85254 | .O7121] 85936 
83187 -06900 | .84579 | .O701L] .85266| .07123] .85947 


83198 -06902 7 .84590 | .07013§ .85277| 071257 .85959 
8.83210 | .06794 8.83909 | .0690418.84602 | .07015 1 8.85289 | .07127 | 8.85970 
.83222 | 06795] .83920| 06906) .84613) .07017] .85300| .071297 .85981| .07241 
83233 | 06797] 83932 | .06907] .84625| 07019] .85311) .071307 .85992| .07243 
83245 | .06799§ .83944 | 06909] 84636) 07020) .85323| .07132]7 .86004| .07245 
8.83257 | .06801 7 8.83955 | .06911 } 8.84648 | .07022 1 8.85334 | .0713418.86015 | .07247 
83268 | .068037 .83967 | .06913] .84659| 07024] .85346| .07136) .86026| .07 

83280 | .06805 7 .83978 | .06915] .84671| .07026§ .85357| .07188] .86038| .07251 
83292 | 068067 .83990| .06917] .84682| 07028] .85368 | .07140] .86049| .67253 


8.83303 | .06808 | 8.84002 | .06919 | 8.84694 | .0703018.85380 | .0714218.86060| .07254 
21h 59m 21h 58m 21h 57m 21h 56m 21h 55m 


| ofaewees Or Oy Oo 


eh 5m Z1° 15/ 
Log. Hav.|Nat. Hav. I 


07254 


07275 
07277 
07279 
07281 
07283 
007285 
07287 
07288 
07290 
207292 
07294 
-67296 
07298 
-07300 
-07302 
-07304 
-07305 
07307 
-07309 
07311 
07313 
07315 
07317 
07319 
07321 
007322 


0736S 


2h 6m 31° 38 2h 7m 31° 45/ 2h gm 32° 
og. Hav. |Nat. Hav. Log. Nav. |Nst. Hav. fLog. Hav. 
8.86735 | .07368 1 8.87404 | .0748218.88068 | .07598 
.86746 | .07370] .87415| .07484] .88079| .07600 
.86757 | .@7372] .87426| .07486] .88090| .67601 
.86769 | .07374] .87437| .07488] .88101| .07663 
8.86780 | .0737618.87448 | .0749018.88112) .67605 
.86791 | .@%377] .87460 | .07492]) .88123 
.86802 | .@7379] .87471| .07494] .88134 

.86813 | 07381} .87482| .07496] .88145 
8.86825 | .07383 | 8.87493 | .67498 | 8.88156 

.86836 | .@7385 1 .87504| .67500] .88167 

.86847 | .@7387] .87515| .67502] .88178 
.86858 ; .@7389} .87526, .075037 .88189 
8.86869 | .07391 1 8.87537 | .07505 | 8.88200 
86880 | 073031 .87548| .675071 .88211 
.86892 | .67385] .87559| .07560]) .88222 
.86903 | .67397 1] .87570| .07511 7 .88233 
8.86914 | .07398 | 8.87582 | .07513 | 8.88244 
86925 | .07400] .87593 | .07515] .88255 
.86936 | .07402] .87604| .097517] .88266 
.86947 | .07404] .87615| .@7519] .88277 
8.86959 | .07406 | 8.87626 | .07521 | 8.88288 
.86970 | .074081 .87637| .07523§ .88299 
86981 | .07410] .87648| .07525— .88310 
.86992 _ 07412 .87659 | .07527} .88321 
8.87003 | .0741418.87670 | .07528 } 8.88332 
.87014 | .07416 7 .87681| .@753@] .88343 
87026} 07417] .87692| 075321 .88354 
.87037 | .07419] .87703| 07534] .88364 
8.87048 | .0742118.87714 | .07536 | 8.88375 
87059 | .074231 .87725] .07538 1 .88386 
.87070 | .07425] .87737| .675401 .88397 
87081 | .037427] .87748 | .075421 .88408 
8.87093 | .0742918.87759 | .67544 1 8.88419 
87104 | .@7431} .87770| .075461 .88430 
87115 | 07433] .87781 | .@7548] .88441 
.87126 | .07435] .87792| 07549] .88452 
8.87137 | .07437 1 8.87803 | .07551 | 8.88463 
87148 | .074381 .87814| .07553] .88474 
87159 | 1.67440] .87825| .07555] .88485 
87171 | 07442] 87836] .@7557] .88496 
8.87182 | .07444] 8.87847 | .07559 | 8.88507 
87193 | 074461 .87858/ 075617 .88518 

87204 | .@7448) .87869| .@7563] .88529 

87215 | .07450] .87880/] .07565} .88540 
8.87226 | .0745218.87891 | .07567 | 8.88551 
87237 | .O74541 .87902| .07569]7 .88562 
87248 | 074566 .87913| .07571} .88573 
87260 | .07458] .87924| .075731 .88584 
8.87271 | .0745918.87935 | .035741 8.88595 
87282 | .@7461] .87946| .07576] .88606 
87293 | .07463] .87957| .07578] .88616 
.87304 | .07465]1 .87968| .67580] .88627 
8.87315 | 07467 | 8.87980 | .07582 1 8.88638 
87326 | .074697 .87991|] .07584] .88649 
87337 | 74714 .88002| .67586] .88660 
87349 | 074731 .88013) .07588] .88671 
8.87360 | .07475 1 8.88024 | .07590 I 8.88682 
87371] 07477] .88035| 075921 .88693 
87382 | 074799 .88046| .67594] .88704 

.87393 | .074808 .88057| .07596]7 .88715 
8.87404 | .0748218.88068 | .07598 | 8.88726 | .07714 

21h 53m 21h 52m 21h 51m 


2h om 32° 15 
at. Hav. Log. Hav.| Nat. Hav 


8.88726 
88737 
88748 
.88759 


8.88769 


88780 
88791 
88802 
8.88813 
88824 
88835 
88846 
8.88857 
.88868 
88879 
.88890 


218.8903] 


89042 
89053 
.89064 
8.89075 
89086 
89096 
89107 
8.89118 
89129 
89140 
89151 
8.89162 
89172 
89183 
89194 
8.89205 
89216 
89227 
89238 
8.89248 
89259 
89270 
89281 
8.89292 
89303 
89314 
89324 


8.89335 | .07823 


89346 
89357 
89368 
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Page 282] TABLE 34. 
Haversines. 
2h 10m 32° 30’ | 2h 11m 32° 45/ 2h 12m 33° © 2h 18m 33°15’ [ 2h 14 33° 30’ 
B Log. Hav.| Nat. Havd Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Havj Log. Hav.) Nat. Havd s 
0 8.89379 | .0783018.90026 | .079481 8.90668 | .0806618.91306 | .08186) 8.91938 | .08306) 60 
1 89389 | 078327 . .90679 | .08068] .91316/| .08188] .91948/ .08368) 59 
2 .89400 | .07834 .90690 | .08070] .91327| .08190] .91959| .08310] 58 
8 89411 | .07836 .90700 | .08072] .91337| .08192% .91969/| .08312] 57 
+ 17 178.89422| .07838 8.90711 | .0807418.91348 | .0819418.91980 | .08314] 56 
4 89433 | .07840 90722 | 08676] .91358| .08196] .91990| 08316] 55 
6 .89444 | .07842 -90732 | .08078} .91369| .08198] .92001| .08318] 54 
7 89454 | .07844 .90743 | .08080]7 .91380| .08200] .92011] .08320 5S. 
+ 2 18.89465| .07846 8.90754 | 08082 18.91390 | .0820218.92022 | 083221 52 
.89476 | .02848 .90764 | .08084} .91401) .08204] .92032) .08324) 51 
.89487 | .07850 .90775 | .08086] .91411] .08206} .92043 | .08326] 50 
89498 | .07852 90786 | 08088] .91422| 08208} .92053 | .08328] 49_ 
3 18.89509 | .07854 8.90796 | .0809018.91432 | .0821018.92064 | .08330] 48 
.89519 | .07856 .90807 | .08082] .91443| .08212] .92074/| .@8332) 47 
89530 | .07858 .90818 | .08084]7 .91454| .08214] .92084/| .O8334] 46 
.89541 | .07860 90828 | .08096] .91464/] .08216] .92095| 08336) 45 
4’ 18.89552 | 07862 8.90839 | .08098 | 8.91475 | .0821818.92105 | .08338] 44 
.89563 | .07864 .90849 | .081007 .91485] .08220) .92116 | 08340) 43 
89573 | 07866 .90860 | .08102§ .91496| .08222] .92126| .08342) 42 
.89584 | .07868 .90871 | 08104] .91506| .08224] .92137| 083441 $1 
8.89595 | 1.07870 8.90881} .0810618.91517 | .08226 1 8.92147 | .08346] 40 
.89606 | .07872 .90892 | .08108] .91527| .08228] .92158| .08348) 39 
89617 | .07873 .90903 | .081107 .91538| .08230) .92168| .08350) S38 
89627 | .07875 .90913 | 08112] 915491 08232] .92179| .083521 37 
8.89638 | 07877 8.90924 | .0811418.91559} .0823418.92189 | 08354] 36 
.89649 .90935 | .08116] .91570| .08236] .92200| .08356) $5 
.89660 90945 | .08118] .91580| .08238} .92210| .08358] 34 
89671 .90956 | .081207 .91591| .08240] .92221| .08360) SS 
8.89681 8.90966 | .0812218.91601 | .0824218.92231 | 08862) S2 
89692 .90977 | .08124] .91612| .08244] .92241| 08364] S1 
.89703 .90988 | .08126] .91622| .08246] .92252| .08366] 50 
89714 .90998 | .08128] .91633| .08248] .92262| 08368) 29 
8.89725 8.91009 | .08130 1 8.91643 | .0825018.92273 | .083701 28 
89735 91019) .08132] .91654| .08252} .92283| 68372] 27 
.89746 91030 | .08134] .91664| .08254] .92294| 063745 26 
.89757 91041] .08136] .91675| .08256] .92304/ .08376) 25 
8.89768 8.91051} .08138 | 8.91685 | .0825818.92315 | 08378] 24 
.89779 91062; .08140] .91696| .08260) .92325| .08380] 25 
* 89789 91073 | .08142] .91707| .08262] .92335/| .08382] 22 
.89800 91083 | .08144] .91717| .08264] .92346/ 08384] 27 
8.89811 8.91094 | .0814618.91728 | .08266 | 8.92356 | .O&386) 20 
89822 .91104| .08148] .91738| .08268] .92367| 08388] 19 
89832 91115 | .08150] .91749) 08270] .92377 | .08390] 73 
89843 91126 | .08152] .91759| .O8272] .92388 | .08382) 17 
8.89854 8.91136 | .08154)8.91770 | .0827418.92398 | .08394 {1 16 
89865 91147 | .08156] .91780| 08276] .92409|} 08396) 75 
89875 91157 | .08158] .91791 | .08278] .92419| .063985 74 
f .89886 91168 | 08160] .91801 | .08280] .92429| 08400) 73 
+ 12 1 8.89897 8.91179 | .08162 18.91812] .0828218.92440| .08402) 12 
49 89908 -08164{ .91822| .08284] .92450| .084045 17 
50 89919 -08166] .91833 | .08286] .92461| .084065 10 
51 89929 08168 — .91843 | .08288] .92471 | .08408 _9 
+ 13’ [8.89940 08170 | 8.91854 | .0829018.92482 | .08410] 8 
58 89951 081972) .91864| 082927 .92492| .08412] 7 
54 89962 08194 .91875| .082944 .92502; 08414) 6 
65 | 89972 08176} .91885| .08296] .92513| .084i6] 5 
+ 14 1 8.89983 8.90626 -08178 | 8.91896 | .08298 | 8.92523 | 084187 4 
57 89994 .90636 081804 .91906| .08300] .92534/ .084207 $ 
58 -90005 .90647 -081824 .91917| .08302] .92544/; .68422] 2 
59 90015 .90658 081844 .91927| .08304] .92554| 08425] 7 
‘+ LY 1 8.90026 | .07948 | 8.90668 -08186 1 8.91938 | .0830618.92565 | 084277 O 
21h 49m 21h 48m 21h 47m 21h 46m 21h 45m 


2h 15m 33° 45’ | 2h i6m yao | 2h 17m 34° 15’ | 2h 18m 34°30’ | 2h 19m 34° 45/ 


8 Log. Hav.| Nat. Havd Log. Hav.] Nat. Hav Log. Hav.) Nat. Hav] Log. Hav.| Nat. Havj Log. Hav.) Nat. Hav 

0 8.92565 | .08427 1 8.93187 | .08548 1 8.93805 | .086711 8.94417 | .0879418.95025| .08918 

1 92575 | .08429]7 .93197] .08550] .93815| .08673] .94427| .08796] .95035| .08920 

2 92586 | .OS431]7 .92 208552 | .93825/ .08675] .94438 pet .95045 | .08922 
8 92596 | .08433— .93218| .08554] .93835| .08677] .94448| . 95055 | 08924 
8.92607 | .08435 | 8.93228 | .08556 1 8.93846 | .08679 1 8.94458 | .088021 8.95065 | .08926 

92617 | 08437] .93239| .08558] .93856| 08681] .94468, .08804] .95076) .08928; 

92627 | .08439] .93249] .08560) .93866| .08683] .94478 | .08806} .95086/ .08930 

92638 | .08441] .93259} .08562] .93876| .08685] .94488| .08808] .95096} .08932 

+ 2’ (8.92648 | .084431 8.93270 | .085641 8.93886 | .08687 | 8.94498 | .0881018.95106| .08934 
.92659 | .08445] .93280| .08566) .93897| .@8689] .94509| .08812]) .95116| .08936 

92669 | .084474 .93290] .08568} .93907| 086917 .94519 | .08814] .95126/ .68938 

92679 | .084497% .93301] .08571] .93917| .08693] .94529| .08816]) .95136| .08940 

+ 9&8 18.92690| .08451] 8.93311 | .08573 | 8.93927 | .08695 | 8.94539 | .08818] 8.95146 | .08943 
92700 | .084534% .93321] .08575] .93938 | 08697} .94549| .08820) .95156| .08945 

92710 | .08455} .93332] .08577] .93948| .086997 .94559| .08823] .95166| .08947 

92721 | 08457] .93342] .08579] .93958| .08701] .94570| .08825) .95176| .08949 

8.92731 | .08459 ] 8.93352 .0858118.93968 | .08703 | 8.94580 | .08827 8.95186 | .08951 

92742 | 08461) .93363| .08583] .93979| .08705] .94590| .08829} .95197 | .08953 

92752 | 08463] .93373| .08585] .93989| .08767§ .94600| .08831] .95207 | .08955 

92762 | .08465] .93383 | .085874 .93999| .08709] .94610/ .08833) .95217| .08957 

5 18.92773 | .08467 | 8.93393 | .085891 8.94009 | .0871118.94620 | .0883518.95227 | .08959 
.92783 | .08469] .93404| .08591] .94019| .08714] 94630; .08837] .95237/| .08961 

92794 | 08471] .93414] .08593] .94030; .08716] .94641| .08839] .95247/| .08963 

.92804 | .08473] .93424| .08595] .94040| .08718] .94651} .08841]7 .95257| .08965 

6’ 18.92814| .08475 1 8.93435 | .0859718.94050| .08720]8.94661 | .088431 8.95267 | .08967 
92825 | .08477]) .93445] .08599] .94060| .08722] .94671| .08845) .95277 | .08970 

92835 | 08479] .93455| .08601— .94071| .08724] .94681) .08847] .95287| .08972 

.92845 | .08481] 93466] .08603} .94081| .08726] .94691 | .08849} .95297| .08974 

7 1 8.92856 | .08483 | 8.93476 | .08695 18.9409] |} .08728] 8.94701 | .08851§ 8.95307 | .08976 
92866 | 08485] .93486] .08607] .94101 | .08730} .94712| .08853) .95317| .08978 

.92877 | .08487] .93496| .08699) .94111| .08732] .94722| .08856] .95327]| .08980 

.92887 | .08489] .93507| 08611} .94122| .08734] .94732| .08858] .95337 | .08982 

8 [8.92897 | .0849118.93517 | .08613 1 8.94132 | .08736] 8.94742 | .08860] 8.95347 | .08984 
92908 | .08493] .93527] .08615] .94142| .08738} .94752| .08862) .95357 | .08986 

92918 | .08495] .93538 | .08617§ .94152| .08740)/ .94762] .08804] .95368 | .08988 

92928 | 08497] .93548 | 08619] .94162) .08742]— .94772| .08866] .95378| .08990 

+ Y& 18.92939| .0849917 8.93558 | .0862118.94173 | .08744]8.94782 | .0886818.95388 | .08992 
$7 92949 | .08501] .93568| .08624] .94183| .08746] .94793/ .08870]7 .95398| .08994 
58 92960 | .08503] .93579} 08626] .94193| .08748] .94803| .088727 .95408/] .08997 
39 92970} 08505] .93589| .08628] .94203| .08750] .94813;] .08874] .95418| .08999 
+ 10 [8.92980] .08508 | 8.93599 | .0863018.94213 | .087531 8.94823 | .0887618.95428 | .09001 
41 .92991] .08510] .93610| 08632] .94224| .08755] .94833] .08878] .95438 | .09003 
42 93001 | .08512] .93620| 086341 .94234| .08757] .94843| .08880) .95448 | .09005 
48 93011] .08514] 93630] 08636] .94244| .08759] .94853| 08882} .95458 | .09007 
+ 11 1 8.93022} .085161 8.93640 | .0863818.94254 | .08761 1 8.94863 | .0888518.95468 | .09009 
93032 | .08518] .93651] 08640] .94264| .O8763]) .94874| .088879 .95478; .09011 

93042 | .08520] .93661 | 086427 .94275| .08765— .94884/| 088897 .95488| .09013 

93053 ] .08522] .93671| 086447 94285] .087679— .94894/ 088817 .95498 | .09015 


—— | ee 8 5 Sf | 


8.93063 | .08524 18.9368] | .08646 1 8.94295 | .0876918.94904 | .08893 }8.95508 | .09017 
.93073 | .08526) .93692| 08648] .94305 | 08771] .94914/ .08895) .95518| .09019 
93084 | .08528} .93702| .08650) .94315] .08773§ .94924| 08897} .95528 | .69022 
-08530] .93712] 08652] .94326| 08775] .94934] .08899} 95538 | .09024 
008532 | 8.93722 | 08654 | 8.94336 | .08777 | 8.94944 | 08901 § 8.95548 | .09026 
93115} .08534) .93733] .08656 .94346| 08779] .94954 | 089037 .95558 | .09028 | 
008536 | .93743 | 08658) .91356} 08781] .94965| 08905) .95568 


93135 | 085381 .93753) .08660] .94366| .08783] .94975| .08907} 95578 


+ 14 [8.93146 | .085401 8.93764 | .08662 1 8.94376 | .08785 | 8.94985 | .08909 | 8.95588 


11 
10 
ee 
8 
7 
6 
5 
4 
8 
2 
1 
4) 


-09032 
09034 
93156 | .08542— .93774) 08664) .94387] .08788] .94995| 08911} .95598| .09036 
93166] .08544] .93784| 08666] .94397| .08790] .95005/ .08814) .95608; .09038 
93177 | .08546§ .93794| .08663] .94407} 08792] .95015| 08916 .95618| .09040 
8.93187 | .08548 | 8.93805 | .08671 | 8.94417 | .0879458.95025 | .08918} 8.95628 | .09042 


21h 44m 21h 43m 21h 42m L1h 41m 21h 40m 


8.95628 
.95638 
.95648 
.95658 

8.95668 
.95678 
.95688 
.95698 


8.95709 
.95719 
.95729 
.95739 

8.95749 
.95759 
.95769 
.95779 


8.95789 
.95799 
.95809 
.95819 


8.95828 
95838 
.95848 
95858 


8.95868 
95878 
.95888 
.95898 

8.95908 
.95918 
95928 
95938 

8.95948 
.95958 
.95968 
.95978 


8.95988 
.95998 
.96008 
96018 

8.96028 
-96038 
.96048 
96058 

8.96068 
.96078 
.96088 
.96098 

8.96108 
.96118 
.96128 
96138 

8.96148 
.96158 
.96167 
96177 

8.96187 
.96197 
.96207 
.96217 

8.96227 


2h 20m 35° & 
Log. Hav 


08042 


z 
oodes 
09051 


09057 
09059 


33 


——— 


09067 


tf 


00074 


HE 


HE 


-09139 
69141 
09143 
09145 
09147 
-09149 
09151 
-09153 
-09155 
09157 
-09160 
-09162 
-09164 
-09166 


21h som 


2h 21m 35° 15’ 


2h 22m 35° 30’ 


2h osm 35° 45/ 
.| Nat. Havd Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav] Log. Hav.! Nat. Hav 


2h 24m 33° 0 


8.96227 | .0916818.96821 | .09279418.97411 | .0942118.97997 | .00549 
.96237 | <09170] .96831 | .09296] .97421| .08423] .98006| .00551 
.96247 | 09172] .96841| .09288] .97431| .08426] .98016| .00553 
.96257 | 09174] .96851 | .0930R§ .97441 | 08428] .98026 | .09556 
8.96267 | 09176 | 8.96861 | .09303 | 8.97450 | .08430 4 8.98035 | .09558 
.96277 | .09178] .96871]| .093805]. .97460| .094327 .98045] .09560 
.96287 | .09181] .96881 | .09307] .97470| .O94347 .98055| .08562 
.96297 | .09183] .96890 | .09309} .97480| .08436] .98065| .08564 
8.96307 | .09185 18.96900 | .0931118.97489 | .09438 18.98074 | .09566 
.96317 | .00187] .96910| .09313]} .97499 | .08440] 98084] .60568 
.96326 | .69189] .96920 | .08315] .97509 | .00443]7 .98094| .09571 
.96336 | 09191} .96930| .08317] .97519| .09445} .98103{ .09573 
8.96346 8.96940 | .09320 18.97529 | .09447 8.98113 | .09575 
.96356 .96950 | 09322] .97538 | 08440] .98123 | .00577 
.96366 .96959 | .09324] .97548; .08451) .98132| .00579 
.96376 .96969 | .09326] .97558 | .08453] .98142| .69581 
8.96386 8.96979 | .09328 18.97568 | .09455 18.98152 | .09583 
.96396 .96989 |} 09330] .97577 | .69457] .98162| .09586 
.96406 .96999 | .09332] .97587| .08460] .98171] .09588 
.96416 .97009 | .09334] .97597 | .08462] .98181] .09590 
8.96426 8.97018 | .09337 [8.97607 | .09464)8.98191 | .09592 
.96436 97028 | .09330] .97617| .00460] .98200] .69594 
.96446 97038 | .09341] .97626] .09468] .98210| .08596 
.96455 97048 | .09343] .97636] .09470] .98220| .09598 
8.96465 | .08218 1 8.97058 | .09345 [8.97646 | .0847218.98229 | .09601 
96475 | 082201 .97068| .09347] .97656 | .09474] .98239| .00603 
.96485 | .08223] .97077} .00349}) .97665| .@0477] .98249 | .09603 
.96495 | .08225] .97087 | 09351] .97675| .00479] .98259| .09607 
8.96505 | .09227 | 8.97097 | .09353 | 8.97685 | .09481 1 8.98268 | .09609 
.96515 | .08220] .97107) .08356) .97695) .08483} .98278]| .00611 
.96525 | .08231] .97117| .09358] .97704| .08485] .98288] .00613 
.96535 | .09233] .97127| .09360] .97714| .09487] .98297 | .00616 
8.96545 | .08235 18.97136 | .09362 5 8.97724 | .09489 | 8.9307 
96555 | 09237] .97146| 09364] .97734| .09492) .98317 
.96564 |. 97156 | 69366] .97743 | .08494] .98326 
.96574 | 08242] .97166) .09368] .97753 | 00496) .98336/ . 
8.96584 | .0924418.97176 | .0837018.97763 | .08498 | 8.98346 | .09626 
.96594 | 08246] .97186| .08372] .97773 - 69628 
.96604 | .08248] .97195; .08375] .97782 -69631 
.96614 | .08750§ .97205| 08377] .97792 -09633 
8.96624 | .09252 8.97215 | .08379 1 8.97802 09635 
.96634 | .09264§ .97225| .08381] .97812 09637 
.96644 | .08256) .97235] .08383] .97821 -09639 
.96653 | .08258 | .97244/] .08385 7 .97831 00641 
8.96663 | .09260 [8.97254 | .09387 1 8.97841 09643 
.96673 | 09263] .97264| .09389) .97851 -03646 
.96683 | .09265} .97274| .08392] .97860 -09648 
.96693 | .09267 ] .97284| .09394] .97870 -080650 
8.96703] « 8.97294 | .09396 | 8.97880 09652 
.96713 .97303 | .08398} .97890 -09654 
.96723 .97313 | .08400] .97899 03856 
.96733 .97323 | 09402} .97909 -09658 

8.97333 | .08404 1 8.97919 -69661 

.97343 | .08406) .97928 -09063 

.97352 | .084087 .97938 -03335 

97362 | 00411] .97948 69607 

8.97372 | 09413 | 8.97958 09669 

97382 | 00415] .97967 

97392 | .08417] .97977 

97401 | .@9419} .97987 
8.96821 | .0929418.97411 | .08421 | 8.97997 

21h $7m 21h s6m 


SVSSSESEHSSASSSARK ELAS 


2h 25m 36° 15’ 


8.98578 
98587 
98597 
.98606 

8.98616 
98626 
98635 
98645 

8.98659 
98664 
.98674 
.98684 

8.98693 
98703 
98712 
.98722 

8.98732 
.98741 
.98751 
.98761 

8.98770 
.98780 
.98790 
.98799 

8.98809 
.98818 
98828 
98838 

8.98847 
98857 
98866 
.98876 


8.98886 
98895 
98905 
98915 

8.98924 
98934 
.98943 
.98953 

8.98963 
98972 
98982 
98991 

8.99001 
99011 
99020 
.99030 

8.99039 
99049 
99058 
.99068 

8.99078 
99087 
99097 
99106 

8.99116 
99126 
99135 
.99145 

8.99154 


21h 


2h 26m 36° 30’ 2h g7m 36° 45/ 
Log. Hav.| Nat. Hav Log. Hav.| Nat. Hav.j Log. Hav.| Nat. Hav 
8.99154 | .0980718.99727 | .09937 
.99164 | .09809) .99736| .09939 
.99173 | 00811] .99746| .09942 
.99183 | .09814] .99755| .00044 
18.99193 | .0981618.99765/ . 
-99202 | .09818] .99774| . 
.99212} 08820] .99784 
99221 | 08822] .99793 
8.99231 | .09824 | 8.99803 
99240 | 098271 .99812 
.99250 | .08829] .99822 
.99260 , 098317 .99831 
8.99269 | .08833 | 8.99841 
.99279 | .09835 7 .99850 
.99288 | .09837 7 .99860 
.99298 | .09840} .99869 
8.99307 | .09842 | 8.99879 
.99317 | .09844} .99888 
.99327 | 008467 .99898 
.99336 | .09848] .99907| .00979 
8.99346 | .0985018.99917 | .09981 
.99355 | 1.09853] .99926| .09983 
.99365 | .09855} .99936| .09985 
99374 | .09857] .99945 | .09987 
8.99384 | .0985918.99955!] .09990 
.99393 | 08861] .99964 | .68992 
.99403 | .09863] .99974| .09904 
.99412 | 098667 .99983| .09996 
8.99422 | .09868 | 8.99993 | .09998 
.99432 | .0987019.00002 | .10000 
.99441 | .09872— .00012| .10003 
.99451] .09874% .00021; .10005 
8.99460 | .0987619.00031 | .10007 
.99470 | 09879} .00040} .10000 
.99479 | .09881]7 .00049; .10011 
.99489 | 09883] .00059; .10014 
8.99498 | .09885 1 9.00068 | .10016 
.99508 | .09887— .00078;| .10018 
.99517 | 08890] .00087; .10020 
.99527 | 09892 .00097} .10022 
1 8.99536 | .0989419.00106 | .10025 
.99546 | 08896) .00116 | .10027 
99556 | .08898] .00125| .10029 
99565 | .09900] .00135/ .10031 
8.99575 | .09903 | 9.00144 | .10033 
.99584 | .09905]7 .00154/] .10035 
99594 | 1.09907] .00163| .10038 
.99603 | 09909] .00172| .10040 
8.99613 | .0991119.00182 | .10042 
.99622 | 09913] .00191} .10044 
.99632 | 09816) .00201| .10046 
.99641 | .09918]7 .00210; .10049 
8.99651 | 09920 19.00220 | .10051 
.99660 | .09922] .00229; .10053 | 
.99670 | 099247 .00239| .10055 
.99679 | 099267 .00248| .10057 
8.99689 | .09929 9.00258 | .10059 
.99698 | 88311 .00267 | .10062 
-99708 | 08933] .00276| .10064 
.99717 | .09935] .00286 | .10066 
8.99727 | 09937 | 9.00295 | .10068 
21h sgm 21h g2m 


-09678 


HI 


$3333! 


00701 
09704 
-09706 
-09708 
-69710 
09712 
00714 
009717 
-09719 
09721 
09723 
09725 
009727 


09729 


209732 
-09734 
09736 


09738 | 8. 


-09740 
09742 


-09807 
g4m 


541524°—43—_44 


ed le ee ee eee —EE =e eel 


Zh 28m 37° 0 


Log. Hav.| Nat. Hav.j Log. Hav.| Nat. Hav 


9.00295 
00305 
00314 
00324 


9.00559 
00569 
.00578 
00587 


11 9.00785 


00794 
00803 
.00813 
9.00822 
00831 
00841 
00850 


9.00860 


-10068 
-10070 
010073 
10075 


-10110 
10112 
10114 
10116 
10119 
010121 
' 10123 
010125 
10127 
-10130 
10132 
10134 
10136 
10138 
10141 
010143 
010145 
10147 
10149 
010152 
010154 
10156 
010158 
-10160 
10163 
010165 
10167 
10169 
_ 10171 
10174 
10176 
010178 
10180 


010182 


10184 
010187 
-10189 
10191 
10193 
10196 
-10198 


10200 


21h sim 


2h 29m 37° 15 


9.00860 
00869 
.00878 


9.01009 
.01019 
.01028 
.01037 


9.01047 
.01056 
.01065 
.01075 


9.01084 
.01094 
.01103 

_.01112 

9.01122 
01131 
.01140 
.01150 

9.01159 
.01168 
.01178 
.01187 

9.01196 
.01206 
01215 
.01224 

9.01234 
.01243 
.01252 
.01262 

9.01271 
.01280 
.01289 
.01299 

9.01308 
.01317 
.01327 
.01336 

9.01345 
.01355 
.01364 

01373. 

9.01383 
.01392 
.01401 
.01411 

9.01420 


12 
11 
10 
9 
8 
7 
6 
5 
4 
8 
2 
1 
0 


Page 286] TABLE 34. 
Haversines. 
2h 30m 37° 3 | 2h $1m 37° 45’ 2h $2m 38° 0 2h 33m 38° 15’ | 2h $4m 38° 30 
8 Log. Hav.| Nat. Hav.{ Log. Hav.| Nat. Hav. Log. Nav.| Nat. Hav.] Log. Hav.| Nat. Hav.{ Log. Hav.| Nat. Hav 
0 9.01420} .4033219.01976| .10466 1 9.02528 | .10599} 9.03077 | .10734] 9.03621 | .10870 
1 .01429 01985 | .10468]7 .02538| .10602] .03086| .10736] .03630| .10872 
2 .01438 01995} 10470] .02547] .10604] .03095| .10739] .03639| .10874 
B .01448 02004 | .10472] .02556| .10606] .03104/| .10741] .03648| .10876 
+ 1/7 | 9.01457 9.02013 | .104741 9.02565 | .10608 | 9.03113 | .10743 |. 9.03657 | .10879 
5 .01466 02022 | .10477] .02574| .10622] .03122| .10745] .03667 | .10881 
6 .01476 .02031| .10479] .02583| .10613] .03131| .10748] .03676| .10883 
7 .01485 .02041 | .10481] .02593| .20615] .03141) .10750] .03685| .10885 
+ 2 19.01494 9.02050 | .1048319.02602 | .10617] 9.03150 | .10752 | 9.03694 | .10888 
9 .01504 .02059 | 10486] .02611} .10620] .03159| .10754] .03703| .10890 
10 .01513 .02068 | .10488] .02620| .10622] .03168 .03712 | .10892 
11 .01522 .02078 | .10490] .02629, .10624] .03177 .03721! .10895 
3’ 1 9.01531 9.02087 | 10492 | 9.02638 | .10626 | 9.03186 10897 
18 01541 .02096 | 10494] .02648| .106297 .03195 10889 
14 .01550 .02105 .02657 | .W631 1 .03204 010901 
15 .01559 02115 |_ J .02666 |} 10633] .03213 10904 
+ 4 19.01569 9.02124 | 105011 9.02675 | .10635 | 9.03222 010906 
17 .01578 .02133 | 10503] .02684|] .10638] .03231 10908 
18 .01587 .02142 | 10506] .02693| .10640] .03241 -10910 
19 .01596 .02151 | .10508] .02702| .20642{$ .03250 10913 
+ 8 [9.01606 9.02161 | .1051019.02712 | .10644 | 9.03259 010915 
21 .01615 .02170 | 105124 .02721| .10647] .03268 010917 
22 .01624 .02179 | 10516] .02730;} .10649[ .03277 010919 
28 01634 02188 02739 | .10651] .03286 _ 10922 
6’ | 9.01643 9.02197 010653 | 9.03295 9.03838 | .10924 
25 .01652 .02207 010655 | .03304| .10790] .03847 
26 .01661 .02216 010658] .03313 .03856 
27 .01671 .02225 10660] .03322 .03865 
7” 1 9.01680 9.02234 010662 | 9.03331 | .10797 | 9.03874 
29 41689 02244 106647 .03340| .10799] .03883 
380 .01698 .02253 010667 | .03350 | .210802]7 .03892 
$1 .01708 .02262 010669 7.03359 .10804] .03901 
+ 8 19.01717 9.02271 10671 | 9.03368 | .10806 | 9.03910 
38 .01726 .02280 010673 | .03377 | .10809] .03919 
S4 .01736 .02290 10676} .03386; 10811 — .03928 
85 .01745 .02299 010678 | .03395 .03937 
+ Y | 9.01754 9.02308 10680 | 9.03404 
$7 01763 .02317 010682] .03413 
88 .01773 .02326 010685 | .03422 
S9 .01782 .02336 010687 | .03431 
+ 10 [9.01791 9.02345 010689 | 9.03440 
41 .01800 .02354 e10691 | .03449 
42 01810 .02363 0106947 .03458 
48 .01819 .02372 10696 | .03467 
+ 117 | 9.01828 9.02381 9.02931 | .10698 | 9.03476 
45 .01837 .02391 | 10566] .02940| .10700] .03486 
.01847 .02400 | .10568) .02949; .10703] .03495 
.01856 .02409 | 105707 .02958 | .107057 .03504 : 
+ 12’ 1 9.01865 9.02418 | .10573 1 9.02967 | .10707 | 9.03513 
49 .01874 .02427 | .10575] .02977| .107091 .03522 
50 .01884 02437 | 105777 .02986{] .107127 .03531 
.01893 .02446 | .105797 .02995| .20714] .03540 
9.01902 9.02455 | 10582 | 9.03004 | .10716 | 9.03549 
58 .01911 02464} .105847 .03013] .10718] .03558 »£0990 
.01921 .02473 | 10586] .03022|] .10721 9 .03567 10992 
.01930 .02483 | .10588]7 .03031] .103723] .03576 010994 
+ 14’ |9.01939 9.02492 | 10591 | 9.03040 | .10725 § 9.03585 i 010997 
.01948 .02501 | 10593] .03050| .10727 7 .03594 10999 
.01958 .02510 | 105957 .03059|] .10730] .03603 11001 
.01967 .02519 | .10597] .03068 | .10732] .03612 11004 
+ 15’ 010599 1.9.03077 | .1073419.03621 | .1087019.04162)| .11006 


21h g7m 


21h 26m 21h 25m 


gagealkeareargsseg erases |» 


8 
7 
6 
5 
4 
8 
2 
1 
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+ 
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TABLE 34. 

Haversines. 
2h 35m 38° 45/ | 2h sem sec | 2h 57m 39° 15/ 
9.04162 | .1100619.04699 | .1114319.05232] .11280 
.04171| 11008) .04708| 11145] .05241] .11283 
.04180; 12010] .04717| 11147] .05250/] .11285 
.04189 | 11013] .04726| 11150] .05259| .11287 
9.04198 | .1101519.04735| .1115219.05268 | .11290 
.04207 | 11017 .04744/] 11154] .05277]| .11292 
.04216| .11019] .04753; 11156] .05285/] 11204 
.04225| 12022) .04761 | 111597 .05294| .11296 
9.04234 | .1102419.04770| 11161 19.05303 | .11299 
.04243 | 110261 .04779) .111637 .05312] .11301 
.04252 | 11029]. .04788 | 11166] .05321] .11303 
.04261 | .11031] .04797! .11168] .05330/] .11306 
9.04270] .11033 19.04806 | .1117019.05339 | .11308 
.04279 | .110385§ .04815; £41721 .05347]| .113810 
.04288 | .110388f .04824/ 109757 .05356] .11313 
.04297 | .110407 .04833) .10177] .05365| .11315 
9.04306 |} .1104219.04542 | .1117919.05374 | 11317 
.04315 | 1104497 .04851 | 241829 .05383 {| .11320 
.04324 | 11047] .04859] .21184] .05392] .11322 
.04333 | .11049]7 .04868 111861 .05400] .11324 
9.04341 | .11051]9.04877 | .1118919.05409 | .11326 
.04350 | 11064] .04886| .11191] .05418] .11329 
.04359 | .110567 .04895| 11198] .05427] .11331 
.04368 | .11058] .04904| .42195] .05436] .11333 
9.04377 | .1106019.04913 | .1119819.05445] .11336 
.04386 | 110637 .04922/) .112001 .05453] .11338 
.04395 | .11065 4} .04931| .11202]7 .05462] .11340 
.04404 | .11067 7 .04939! .11205] .05471] .11343 
9.04413 | .11070 | 9.04948 | 11207 19.05480 | .11345 
.04422 | 110721 .04957) .112094 .05489] .11347 
04431 | .11074] .04966| .11211] .05498] .11349 
.04440 | .11076] .04975| 112149 .05506] 11352 
9.04449 | .1107919.04984 | .1121619.05515] .11354 
.04458 | 11081] .04993} 212187 .05524] 11356 
.04467 | .11083 7 .05002} 192217 .05533] 11359 
.04476 | .12086]7 .05011 ol 1223 05542] 11361 
9.04485 | .11088§9.05019 | .1122519.05551 | .11363 
04494 | .11090% .05028) 29228) .05559| .11366 
.04503 | 11092] .05037| 11230] .05568| .11368 
04512 | .121095 7 .05046| 21232] .05577] .11370 
9.04520 | .11097 19.05055 | .1123419.05586 | .11373 
.04529 | 11098] .05064/ 1123877 .05595] 11375 
.04538 | .111027 .05073| 112397 .05603] .11377 
.04547 | 211047 .05082] 11241] .05612] .113799 
9.04556 | 11106 §9.05090 | .1124419.05621] 11382 
04565 | .11108 7 .05099!} .112461 .05630] .11384 
04574] 20002 .05108 | 112487 .05639] .11386 
04583 | 212137 .05117| 122511 .05648] .11389 
9.04592 ; 41115 19.05126 | .1125319.05656 | .11391 
04601; 200179 .05135|] 212557 .05665] .11393 
.04610 | .11120]7 .05144/ 112571 .05674| .11396 
-04619 | .42122§— .05153 | .11260] .05683 | .11398 
9.04628 | .1112419.05161 | .4126219.05692| .11400 
.04637 | 241277 .05170| .11264]7 .05700} .11403 
.04646 | 112297 .05179| .1126797 .05709| .11405 
04654 | 221317 .05188 | .11269] .05718) .11407 
9.04663 | .2418499.05197 | .1127119.05727 | 11410 
04672 | 441367 .05206| .11274]7 .05736| 11412 
-04681 | 2413889 .05215| 192769 .05744] .19414 
.04690 | .11140 _ 05223 112787 .05753] .11416 
9.04699 | 11143 979.05232 | .1128019.05762| .11419 

21h 24m 21h 23m 21h 29m 


2h 88m 38° 30’ 
Log. Hav.| Nat. Havd Log. Hav.| Nat. HavJ Log. Hav.| Nat. Hav4 Log. Hav.) Nat. Havj Log. Hav.| Nat. Hav 


9.05762 
05771 


.05876 


05955 
.05964 
9.05973 
05982 
.05990 
.05999 
9.06008 
06017 
.06025 
.06034 
9.06043 
.06052 
-06060 
-.06069 
9.06078 


9.06113 
.06122 
.06131 
.06139 


382 | 9.06148 


.06157 
06166 
.06174 


9.06183 | ol 


06192 
06201 
06209 


9.06218 


9.06253 


.06262 
.06270 
06279 


9.06288 


11419 
011421 
011423 


011426 


21h g1m 


[Page 287 


Lh 39m 39° 45/ 


8 
7 
6 
5 
4 
B J 
2 
1 
0 


£h 40m 40° 0 | 2h 41m 40° 15’ | 2h 42m 40° 30’ | 2h 45m 40° 48 | 2h 44m 41° 
Log. Hav. Nat. Hav4 Log. Hav.) Nat. Hav4 Log. Hav.| Nat. Hav] Log. Hav.) Nat. Hav4 Log. Hav.) Nat. Hav 
9.06810 | .11688 | 9.07329 011980 | 9.08357 | .121221 9.08865 | 122651 60 
.06819 | 11700] .07388 o11982] .08365| 121241 . 012267 | 59 
.06828 | 11702] .07346 0119845 .08374| .12127 012269 | 58 
.06836 | .11708] .07355 011987 | .08382| .12129 012272 | 57 
9.06845 | 11707 | 9.07364 011989 {9.08391 | .12131 2274] 56 
.06854 | .11700] .07372 0119924 .08399| .12134 012276 | 55 
.06862 | 11712] .07381 011994] .08408| .12136 12279 | 54 
.06871 | .117144 .07390 11996] .08416| .12138 122811 53 
9.06880 | 11716 | 9.07398 011999 1 9.08425 | .12141 122841 52 
.06888 | 11719] .07407 012001] .08433 | .12143 012286 | 51 
.06897 | 11721] .07415 012003 | .08442| .12146 012288 | 50 
.06906 | 11724] .07424 012006} .08450| .12148 12291 | 49 
9.06914 | .11726 | 9.07433 012008 | 9.08459 | 1.12150 012293 | 48 
.06923 | 21728] .07441 012010] .08467| .12153 012296 | 47 
.06932 | A173] .07450 012013] .08475| .12155 12298 | 46 
.06940 | 117331 .07458 o12015 5 .08484| .12157 212300 | 45 
9.06949 | 11935 | 9.07467 012018 | 9.08492 | .12160 012303 | 44 
.06958 | .11738] .07476 ° 08501 | 12162 012305 | 48 
.06966 | 117408 .07484 012022 .08509| .12165 012307 | 42 
.06975 | 11742] .07493 12025] .08518| .12167 012310 | 41 
9.06984 | 11745 | 9.07501 012027 19.08526 | 12169 012312 | 40 
.06992 | .11747] .07510 012020} .08535| .12172 12315 } $9 
.07001 | 117494 .07519 0120827 .08543| 12174 012317 | $8 
07010 | .11752] .07527 212034] .08552 | .12176 212319 | $7 
9.07018} 11754 | 9.07536 012036 | 9.08560 | .12179 ol2322 1 S6 
.07027 | 11756] .07544 012039 | .08569| .12181 012324 
.07036 | 117594 .07553 12041] .08577 | .12184 12327 
.07044| 119619 .07562 0120447 .08586 | .12186 012329 
9.07053 | .11763 | 9.07570 012046 | 9.08594 | .12188 012331 
.07062 | 117664 .07579 012048 .08603| .12191 012334 
.07070 | 11768] .07587 012051} .08611| .12193 012336 
.07079 | .11770]3 .07596 012053] .08620| .12195 12339 
9.07088 | 11773 | 9.07605 012055 19.08628 |} .12198 012341 
.07096 | .117751 .07613 012058 | .08637| .12200 12343 
.07105 | 217774 .07622 012060] .08645| .12203 ol 23A6 
.07113 | .11780] .07630 0120627 .08654| .12205 012348 
9.07122 | .11782 | 9.07639 012065 1 9.08662 | .12207 012351 
.07131 | 11784] .07647 012067 | .08671| .12210 012353 
.07139 | 11787] .07656 012070} .08679| .12212 012355 
.07148 | .11789] .07665 012072 § .08687} .12214 oe 
9.07157 | 11791 | 9.07673 012717 12360 
.07165 | 117941 .07682 012219 012363 
.07174| 117961 .07690 012222 012365 
.07183 | .11798] .07699 ol 2224 012367 
9.07191 | .11801 | 9.07708 12226 012370 
.07200 | « .07716 012229 012372 
.07208 | 11806] .07725 012231 012374 
.07217 | 11808] .07733 012233 12377 
9.07226 | 11810 | 9.07742 012093 | 9.08764 | .12236 012379 
.07234| 11813} .07750 0120961 .08772| .12238 012382 
07243} 11815] .07759 012098] .08781 | .12241 012384 
07252 | .11817} .07768 e121001 .08789 | .12243 ol23861 9 
9.07260 | 11820 | 9.07776 012103 1 9.08797 | .12245 123891 8 
07269 | 11822] .07785 012105] .08806| .12248 12391] 7 
07277 | 11824] .07793 012108] .08814| .12250 123941 6 
07286 | 11827] .07802 012110} .08823 | .12253 123961 5 
9.07295 | 21829 | 9.07810 012112 19.08831 | 1225519. ol2398 5 4 
.07303 | 11831] .07819 012115} .08 o12257 1 . 124011 $ 
.07312 | 11834] .07827 e12117 | .08848 |} .12260] . 12403] 2 
.07321 | .11836] .07836 012119] .08857 | 12262] . tae Z 
9.07329 | 11838] 9.07845 | .11960 | 9.08357 | .12122179.08865 | .12265 | 9.09370 


9.09370 
09379 
09387 
.09395 

9.09404 
.09412 
09421 
09429 

9.09437 
09446 
09454 
09462 

9.09471 
.09479 
09488 
09496 

9.09504 
.09513 
09521 
.09529 

9.09538 
09546 
.09555 
.09563 

9.09571 
.09580 
09588 
09596 

9.09605 
.09613 
.09622 
.09630 

9.09638 
09647 
.09655 
.09663 


+ + + 

Waa bea ee 

Cn tn Co mm OD VHA CtemO i @ 
oo rd = 


* 


@ 


+ 


09680 
.09688 
.09697 
9.09705 
.09713 
09722 
.09730 
9.09739 
.09747 
09755 
.09764 
9.09772 
09780 
.09789 
09797 
9.09805 
09814 
.09822 
.09830 
9.09839 
.09847 
09856 
09864 
9.09872 


9.09672 


9.09905 
09914 
09922 
09930 


09947 
.09955 
09964 


9.10138 
10147 
10155 

.10163 


9.10271 
10279 
10288 
10296 


10313 
10321 
10329 
9.10337 
10346 
10354 
10362 

012552 | 9.10371 


9.09939 


9.10304 


TABLE 34. 


Haversines. 


2h 47m 41° 45/ 


Log. Hav.| Nat. Hav.] Log. Hav.| Nat. Hav.f Log. Hav.| Nat. Hav 


2h 4gm 42° W 


gh 49m 42° 15/ 


Log. Hav.| Nat. Hav.JLog. Hav.) Nat. Hav 


012843 


9.10371 | 12697 | 9.10866 
10379 | 12700} .10874) 12845 
-10387 | 12702] .10882| .12848 
10395 | 12704] .10891| .12850 
9.10404 | .1270719.19899 | .12852 
10412] .127769] .10907| .12855 
10420; .12712] .10915| .12857 
10429 | .12714] .10923| .12860 
9.10437 | .12717 1 9.10932 | .12862 
10445 | 127199 .10940| .12865 
10453 | M2722 .10948 | 12867 
10462; 127724] .10956; 12870 
9.10470 | 12726 §9.10965 | 12872 
10478 | .12720] .10973| 12874 
10486 | 12731] .10981| 12877 
10495 | 12733] .10989| .12879 
9.10503 | 12736 19.10997 | .12882 
10511 | 12738] .11006| .12884 
10519 | 12741 .11014| .12887 
10528 | 12743] .11022| .12889 
9.10536 | .1274619.11030| .12891 
-10544 | 12748} .11038| .12894 
10553 | 12750] .11047| .12896 
-10561 | 12753] .11055| 12899 
9.10569 | .1275519.11063 | 12901 
10577 | 012758] .11071| .12904 
-10586 | 2760] .11079| 12006 
.10594 | -AZ763] .11088 | .17908 
9.10602 | .1276519.11096 | 12911 
10610 | M2767 9 .11104| .127913 
10619 | £27709 .11112| .12916 
10627 | .A2@772q 11120 | .12918 
9.10635 | 12775 99.11129; 12921 
° 10643 | 2777] .11137| 12923 
012034 § .10652| 12780] .11145| 12926 
012637 | .10660 | 127825 .11153 | .12928 
012639 | 9.10668 | .12778419.11161| .12930 
012641] .10676 | .12787 9 .11170| .12033 
0127644} .10685; 12789] .11178;| .12935 
12646] .10693 | .12792§ .11186 | .12838 
0127649 9.10701 | .12779419.11194 | .17940 
012651} .10709 | 12797] .11202| .12943 
017654] .10718| 1279997 .11211| .17045 
012656 | .10726 | .12801] .11219| .12048 
012658 [9.10734 | .1280419.11227 | .12950 
oAZ661 10742 | 128069 .11235 | .12952 
0127663 § .10751 | 12809, .11243| .12955 
012666] 10759 | .£2811 7 .11252] .12857 
012668 [9.10767 | .1281419.11260| 12960 
oA2671 7 110775 | 12816] .11268) 12962 
o12673 7 .10784 | 1.12818] .11276| .12965 
A2675 [10792 | 12821] .11284| .12907 
012678 |. 9.10800 | 12823 49.11292| .12970 
012680] .10808| 12826) .11301| .12972 
012683] .10816| 12828] .11309}| .12974 
012685 | .10825| .12831] 11317 | .12977 
012687 | 9.10833 | 12833 19.11325 | .12979 
0126907 .10841| 12836) .11333 | .12982 
0126927 .10849 | 128389 .11342] .127984 
012695 | .10858 | 12840) 11350} .12987 
012697 [9.10866 | .12843 79.11358 | .12989 
21h 12m 21h 11m 


9.11358 
.11366 
11374 
11382 


9.11391 
11399 
.11407} .« 
11415 


9.11423 
11431 
.11440 
.11448 

9.11456 
.11464 
11472 
11480 


9.11489 
11497 
11505 
11513 


9.11521 
11529 
11538 
11546 

9.11554 
11562 
11570 
.11578 


9.11586 
11595 
11603 
11611 

9.11619 
11627 
11635 
11643 

9.11652 
11660 
11668 
11676 

9.11684 
11692 
.11700 
.11709 


9.11717 
11725 
11733 
11741 

9.11749 
11757 
11766 
11774 

9.11782 
11790 
11798 
11806 

9.11814 
11822 
11831 
11839 

9.11847 


& 
7 
6 
5 
4 
& 
2 
1 
0 


013136 
21h 10m 


ge 

11863 

11871 

+ 17 19.11879 
5 11887 

6 11895 

7 11904 
+ 9.11912 
9 11920 
10 11928 
11 11936 
+ 937 79.11944 
18 11952 
14 11960 
15 .11968 
+ 4 79.11977 
17 11985 
18 11993 
19 12001 
+ 8 79.12009 
21 12017 
22 12025 
28 12033 
+ 6 79.12041 
25 12050 
26 12058 
27 12066 
+ V 179.12074 
29 12082 
30 .12090 
$1 .12098 
+ 8 1 9.12106 
83 12114 
84 12122 
85 12130 
+ Y¥ 19.12139 
87 12147 
38 12155 
89 12163 
+ 10 19.12171 
41 12179 
42 12187 
48 12195 
+ 11’ [9.12203 
45 12211 
46 12219 
47 12228 
-+- 12’ [9.12236 
49 12244 
50 12252 
§1 .12260 
+ 13’ [9.12268 
58 12276 
54 12284 
55 12292 
+ 14 [9.12300 
57 12308 
58 12316 
59 12324 
+ 15’ 19.12332 


21h gm 


Pima w 


Trea aaeannsamnetee enmity) (a cseens cee 


13136 | 9.12332 | 13284 
013139 | .12341| .13286 
o13141} .12349| .13289 
e13143f .12357 | .13291 
013146 | 9.12365 13294 
013148] .12373| 213296 
o13151] .12381| 13299 
013153 | .12389] 13301 
013156 | 9.12397 | 213304 
13158} .12405 | .13306 
e13161] .12413 | .13300 
o13163} .12421 | .13311 
013166 | 9.12429 | 113314 
013168 | .12437 | 13316 
eAZLIL] 612445 | .13318 
eAS173 F-12453 | .18323 
013175 [9.12461 | .13323 
013178 | .12470| 13326 
013180 | .12478 | .13328 
013183 | .12486 | .13331 
013185 | 9.12494 | 13333 
013188} .12502] .13336 
013190} = .12510; .13338 
013193] .12518] .13341 
013195 [9.12526 | .13343 
013198 | .12534 | .13346 
013200} .12542)] 13348 
013203} .12550] 13351 
013205 | 9.12558 | 213353 
013207 | .12566 | 13356 
013210} .12574| 13358 
013212] .12582| .13360 
013215 | 9.12590 | .13363 
013217] .12598 | .13365 
013220 .12606| 13368 
013222) .12614] .13370 
013225 | 9.12622 | 13373 
013227] 12630 | 213375 
013230] .12638 | .13378 
13232] .12647 | .13380 
013235 [9.12655 | .13383 
013237] .12663 | .13385 
013239] .12671| .13388 
013242] .12679| .13390 
013244 [9.12687 | 13393 
o13247] .12695| 13395 
e13249 | .12703| .13398 
0132527 .12711 | .13400 
013254 19.12719 | 13403 
013257 | .12727| 13405 
013259] .12735 | .13408 
013262} .12743| 13410 
013264 [9.12751 | .13412 
013267] 112759 | .13415 
013269 | .12767 | 13417 
013272] 12775 | .13420 
013274 19.12783 | .13422 
0132769 12791 | .19425 
013279} 12799 | .13427 
13281} .12807| 13430 
013284 59.12815 | .13432 
21h gm 


9.12911 
12919 
12927 
12935 


9.12943 


12951 
12959 
12967 


9.12975 


9.13103 
13111 
13119 
13127 


9.13135 


9.13167 
13175 
13183 
13191 


9.13199 


13207 
13215 
13223 


9.13231 


13239 
13247 
13255 


9.13263 


13271 
13279 
13287 
9.13295 


13432 
013435 
13437 
13440 


13442 


013517 
013519 
013522 
013524 


013579 
013581 


21h 7m 


9.13295 
13303 
13311 
13319 


9.13326 


13565 
13573 
9.13581 
13589 
13597 
13605 


9.13613 


13621 
13628 
.13636 


9.13676 
13684 
13692 
13700 


9.13708 


13716 
13724 
13732 


9.13739 


13747 
33755 
.13763 


9.13771 
21h 6m 
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2838 


9.14119 
14127 
.14134 

.14142 


9.14213 
14221 
14229 

14237 


TABLE 34. [Page 201 
Haversines. 
£h 55m 43° 45/ | eh 56m 44° | 2h 57m 44° 15/ | 2h 53m 44° 80’ | 2h 59™ 44° 
Log. Hav.|Nat. Hav.] Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Havj Log. Hav.) Nat. Hav Log. Hav.) Nat. Hav 
9.14245 | .1388219.14715 | .14033 9.15183 | .14185|9.15647 | .14337 | 9.16109 
.14252 | £3884) .14723| .14035]7 .15190| .14187] .15655| .14340] .16117 
.14260; 13887] .14731| .14038 15198} .14190] .15663 | 14343] .16124 
.14268 | 13889] .14739| .14041] .15206| .14192] .15670| .14345] .16132 
9.14276 | .1389219.14746 | .1404319.15214 | .1419519.15678 | .14348 | 9.16140 
14284 | .13884] .14754| .14046]7 .15221| .14198] .15686| .14350] .16147 
14292 | 13897] .14762| .14048] .15229)} .14200] .15694} .14353] .16155 
.14300 | .18899] .14770| .14051] .15237) .14203] .15701) .14355] .16163 
9.14307 | 213902 19.14778 | .1405319.15245| .1420519.15709 | .14358 | 9.16170 
.14315 | 13904] .14785| .14056§ .15253} .14208] .15717/] .14360] .16178 
.14323 | 13907] .14793| .14058]— .15260| .14210] .15724| .14363] .16186 
.14331 | .13909] .14801 | .140627 .15268| .14213§ .15732; .14360] .16193 19 
9.14339 | .1391219.14809} .1406319.15276 | .1421519.15740| .14368 | 9.16201 
.14347 | 13914] .14817| .14066] .15284| .14218] .15748] 14371] .16209 47 
.14355 | 13917] .14824| 14068] .15291| 14220] .15755| 14373] .16216 46 
14362 | .13920] .14832| .14071] .15299| .14223] .15763| 14376] .16224 45 
9.14370 | .1392219.14840 | .14073 1 9.15307 | .4422699.15771) 14378 | 9.16232 44 
14378 | 13925] .14848| .14076] .15315| .14228] .15778| 14381] .16239 43 
14386 | 13927] .14856 | .14070]7 .15322| .14231) .15786| 14383] .16247 42 
.14394 | .13930 14863 | .14081] .15330| .14233] .15794] .14386] .16255 Al 
9.14402 | .1393219.14871 | .1408419.15338 | .14236]9.15802| 14388 | 9.16262 40 
-14410 | .43935] .14879| .14086] .15346| .14238] .15809| .14391] .16270 39 
14417 | 13937] .14887/ .140897 .15353| .14241] .15817| 14394] .16278 $8 
14425 | .13940] .14895] .14091 7 .15361| .14243] .15825] 14396] .16285 387 
9.14433 | .1394219.14902 | .1409419.15369 | .1424619.15832| .14399 19.16293 $6 
14441 | 13945] .14910| .14096] .15377| .14248] .15840| .14402] .16301 $5 
.14449 | 13947] .14918| .14009] .15384| .14251] .15848| .14404] .16308 34 
-14457 | 13950] .14926| .142027 .15392| .14253] .15855| 14406] .16316 3S 
9.14465 | 213952 19.14934 | .1410419.15400} .1425619.15863 | .14409 1 9.16324 32 
.14472 | .13955] .14941| .14206] .15408| .14259] .15871; 44411] .16331 $1 
.14480 | .13957] .14949! .14100] .15415| .14261] .15879| .14414] .16339 30 
-14488 | 13960] .14957| 14100] .15423| 14264] .15886| 14417] .16346 29 
9.14496 | 213962 19.14965 | .1411499.15431 | .1426619.15894 | .14419 } 9.16354 28 
.14504 | 13965] .14973| 14116] .15439| .14269] .15902| .14422] .16362) .14575] 27 
14512 | 13967] .14980| 24119] .15446| .14271] .15909| .14424] .16369] .14578] £6 
-14519 | 13970] 14988 | 2412729 115454 | 14274] 115917 | 14427] .16377 | 14580) 25 
9.14527 | 1.13972 59.14996 | .1412419.15462| .1427619.15925 | .1442919.16385 | .14583 ] 24 
.14535 | 13875] .15004| .14127§ .15470| .14279] .15932| .14432] .16392/ .14586] 23 
14543 | 13977] 15012 | .14129] .15477| .14281] .15940| .14434]7 .16400/ 14588] 22 
14551 |_ 13980] .15019 | 14132] .15485| .14284] .15948| 144379 .16408| 14591} 21 
9.14559 | .13983 |. 9.15027.) .14134 9.15493 | .14287179.15955 | .1444019.16415| 14593] 20 
.14566 | 213985] .15035 | 14137] .15500| .14289] .15963| .14442] .16423| .14596) 79 
14574] 13988] .15043| .141399 .15508| .142929 .15971| 144457 .16431] .14598] 78 
.14582 | .13990] .15050| 24142] .15516| .14204]7 .15978| .14447] .16438] .14601] 17 
9.14590 | 1.13993 19.15058 | .1414419.15524 | .1429749.15986 | .1445019.16446 | .14604] 16 
.14598 | 213995] .15066 | .24347] .15531] .24299] .15994/] .14452]7 .16453 | 14606] 75 
.14606 | .13998 | .15074| .14149]7 .15539| .14302] .16002] .14455] .16461| .14609] 74 
-14613 |_.14000] .15082| .14152] .15547| 14304] .16009| .14457] .16469| .14611] 73 
9.14621 | .1400399.15089 | .1415419.15555 | .1430719.16017 | .1446019.16476 | .14614] 12 
14629 | .14005] .15097| .24157] .15562) .14309] .16025| .14463] .16484] .14616] 17 
.14637 | .14008f .15105| .24160] .15570| .14312] .16032] .14465] .16492) .14619] 10 
14645 | 14010] .15113| .14162] .15578] .14315] .16040| .14468] .16499| .14622 _9 
9.14653 | .14013 {9.15120 | .2416599.15585 | .1431719.16048 | .1447019.16507 | 14624] 8 
-14660 | .14015] .15128| 14167] .15593| .14320] .16055| .14473] .16515| .14627] 7 
14668 | 140187 .15136| 14170 .15601| .14322] .16063| .14475] .16522] .14629] 6 
-14676 | .14020] .15144| .141727 .15609| .14325) .16071| .14478] .16530| .14632] 5 
9.14684 | 14023 19.15152 | .1417519.15616 | .14327]9.16078 | .1448019.16537 | .14634] 4 
14692 | 140259 .15159| 24177] .15624} .14330]7 .16086| .14483]7 .16545|] 14637] $8 
14699 | 14028] .15167| .14180] .15632| .14332] .16094| .14486] .16553| 146397 2 
-14707 | .14030§ .15175 | .14182§ .15640) .14335] .16101} .14488] .16560| .14642] 7 
9.14715 | .14033 9.15183 | .14185 9.15647 | .1433719.16109 | .1449119.16568 | .14645) 0 
21h 4m 21h gm 21h gm 21h ym 21h om 


Page 292] TABLE 34. 
Haversines. 
shomase@ | sh 1m 45°15’ | sh em45°3e | shsma5cas’ | sh 4m 46° 
8 Log. Hav. | Nat. Hav.} Log. Hav.! Nat. Hav.| Log. Hav. | Nat. Hav.} Log. Hav. | Nat. Hav.} Log. Hav. | Nat. Hav.] s 
0 9.16568 | 14645 19.17024 | .1479919.17477 | .1495519.17928)| .15110 | 9.18376 
1 -16576 | 146471 .17032| 14802] .17485] .14957 1 .17935| 16113] .18383 
2 .16583 | 14650] .17039| .14804] .17492] .14960] .17943| .15116] .18390 
8 .16591 | 14652] .17047} .14807] .17500] .149627 .17950| .15118] .18398 
+ 1/79.16598 | .1465519.17054} .1481019.17507 | .214965 19.17958 | .16121 | 9.18405 
5 .16606 | .14658] .17062| .14812] .17515| .14968— .17965| .15123] .18413 
6 16614 | .14660] .17069} .14815] .17522| .149708 .17973| .15126] .18420 
7 .16621 | .14663] .17077| .14817] .17530] .14973] .17980} .15129] .18428 
+ 2°49.16629 | .1466519.17085| .1482019.17538 | .1499619.17988 | 16131 | 9.18435 
9 .16637 | 14668] .17092| 14822] .17545| .14978] .17995]| .151384] .18443 
10 16644 | .146701 .17100] .14825% .17553] .14981] .18003| .15137] .18450 
11 .16652 | .14673] .17107] 148287 .17560|] .14983] .18010] .15138] .18457 
+ 3 )9.16659 | .14676§9.17115| .1483019.17568] .1498619.18018 | .16142 | 9.18465 
18 .16667 | .14678] .17122] .14833§ .17575] .14988] .18025| .15144] .18472 
14 16675 | .14681] .17130| .14835] .17583] .14991 7 .18033| .15147] .18480 
15 .16682 | .14683] .17138] .14838] .17590| .14993— .18040| .15150f .18487 
+ 4°19.16690| .1468619.17145] .1484119.17598 | .1499619.18048 | .15152 | 9.18495 
17 16697 | .14688} .17153| .14848 4] .17605] .14999) .18055| .15155] .18502 
18 .16705 | 14691] .17160|] .14846] .17613] .18001] .18062| .15157] .18509 
19 .16713 | .14693] .17168| .14848]7 .17620] .15004] .18070| .15160] .18517 
+ 6§'49.16720| .14696 014851 015006 19.18077 | .15163 | 9.18524 
21 16728 | 14699 014853 15009 1 .18085| .18165] .18532 
22 16735 | 14701 014856 015012] .18092| 15168] .18539 
23 .16743 | 14704 14859 1560141 .18100| .15170] .18547 
+ 6/19.16751 | .1470619.17206| .14861 015017 19.18107 | .16173 | 9.18554 
25 16758 | 147008 .17213{ .14864 15019 | .18115; 15176] .18561 
26 16766 | £47127 .172211] .14866 150221 .18122| .15178} .18569 
27 16774 014714] .17228] .148690 015025 18130 15181] .18576 
+ 7 19.16781 | 14717 19.17236] .14872 015027 19.18137 | .15183 1 9.18584 
29 16789 | .14719 4 .17243] .14874 16030] .18145| .15186] .18591 
S80 16796 | 14722] .17251) .14877 150827 .18152| .15189] .18598 
$1 .16804 |. 447247 .17259] .14879 15035 | .18160! .15191 ] .18606 
+ §8/19.16812] .14727 9.17266 | .14882 15038 [9.18167 | .15194 19.18613 
83 16819 | .14730§ .17274] .14885 15040] .18174| .15197] .18621 
34 16827 | 44732] .17281 | .14887 15043 18182 | .151989] .18628 
85 16834 | 14735] .17289] .14890 015045 18189 | 15202] .18636 
+ 9 19.16842 | .1473719.17296| 14892 15048 015204 | 9.18643 
387 .16850 | 147404 .17304] .14895 15051 015207] .18650 
388 16857 | 147437 .17311 |] .14898 015053 0152107 .18658 
89 16865 | .14745] .17319 | .14900 15056 015212] .18665 
+ 10 [9.16872 | 14748 }9.17327 | .14903 19.17778 | .15058 015215 | 9.18673 
41 16880 | 014750) .17334 |) .14905 1 .17785| .15061 015217 | .18680 
42 16887 | £4753 0 17342] .14908 1 .17793 | .15064 015220] .18687 
48 16895 | 147551 .17349] .14910 .17800_ .15066 0152227 .18695 
+ 11799.16903 | 14758 [9.17357 | .14913 [9.17808 | 1.15069 |. 9.18256 | 15225 1 9.18702 
45 16910} £4760] .17364/] .149167 .17815) 15071 § .18264| 15228] .18710 
46 16918 | 147639 .17372 | .14918 7 .17823| 150744 .18271) 15230] .18717 
47 16925 | 24766 § .17379| 249217 .17830 |] .150977 } .18279| 15233] .18724 
+ 127 179.16933 | 14768 19.17387 | .14923 §9.17838 | .15079 5 9.18286 | 15236 | 9.18732 
49 16941 | $4772 17394] 1492697 .17845| .16082] .18294] 162388] .18739 
50 .16948 | £4773 |. .17402 | 149297 17853] 15084] .18301 | 15241] .18747 
51 16956 | £47767 .17409 | 149381 1 .17860 | .16087 18309 015244 .18754 
+ 13’ 19.16963 | 14779 [9.17417 | .14938419.17868 | .15090]9.18316 | 15246 1 9.18762 8 
58 16971 | £4781 7 17425) .149386]7 .17875| 15092] .18324] 15249} .18769| 15406) 7 
54 16979 | 247849 17432] .14939]7 .17883 |) .16095]7 .18331] 15251] .18776) 15409] 6 
55 _-1L6986_ 147861 .17440| 149427 .17890| .15097] .18338 | .15254] .18784] .15411 5 
+ 14’ 79.16994 | 14789 1. 9.17447 | .1494419.17898 | .1510079.18346| .15257179.18791 | 1541417 4 
57 17001 | 14791 17455 | 14947 17905 | 15103] .18353 | .15259] .18798| .16416] 3S 
58 17009 | 147949 .17462| .149497 .17913) .15105% .18361] 15262} .18806)] 16419 ba 
59 .17016 14797 17470 | 014952] .17920] 15108) .18368| .15264]7 .18813 | .15422 i 
+ 18 19.17024| .14379919.17477 | .14955 19.17928 | .15110 9 9.18376 | 15267 19.1882] | 15424 0 
20h 59m 20h 58m 20h 57m 20h 56m 20h 55m 


+ Y 


igh 5m 46° 15’ 
Log. Hav. | Nat. Hav.{ Log. Hav. | Nat. Hav. Log. Hav. | Nat. Hav. 


9.18821 
.18828 
18835 
.18843 


9.18850 
.18858 
18865 
-18872 

9.18880 
.18887 
.18895 
.18902 


9.18909 
.18917 
18924 
.18932 


9.18939 
.18946 
.18954 
.18961 

9.18968 
.18976 
.18983 
18991 


9.18998 
-19005 
19013 
.19020 


9.19027 
19035 
.19042 
.19050 


9.19057 
.19064 
.19072 
.19079 
9.19086 
19094 
19101 
.19109 
9.19116 
19123 
19131 
.19138 
9.19145 
19153 
19160 
19167 
9.19175 
19182 
.19190 
.19197 


ol 5424 


015474 


015477 
015479 
015482 
015485 


015487 
015490 
015493 
015495 
015498 
015501 
15503 
015506 
015509 
015511 
15514 
015516 


015519 
015522 
015524 
015527 
015530 
015532 
015535 
015537 
015540 
015543 
015545 
015548 
015551 
015553 
015556 
015559 


Sh 6m 46° 30 


9.19263 


9.19292 
.19300 
19307 
.19315 

9.19322 
.19329 
.19337 
.19344 


9.19351 
.19359 
.19366 
.19373 

9.19381 
.19388 
.19395 
.19403 

9.19410 
.19417 
.19425 
19432 
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9.19439 
.19447 
.19454 
.19461 


9.19469 
-19476 
.19483 
-19491 

9.19498 
.19505 
.19513 
.19520 


9.19527 
.19535 
19542 
.19549 


9.19557 
19564 
.19571 
.19579 

9.19586 
.19593 
.19600 
.19608 

9.19615 
19622 
.19630 
.19637 


a cre ee 


9.19204 
19212 
19219 
19226 

9.19234 
19241 
19248 

__.19256 

9.19263 


015561 
015564 
15566 
015569 
015572 
015574 
015577 
015580 


015582 


20h 54m 


9.19644 
19652 
19659 
19666. 
9.19674 
19681 
19688 
19696. 
9.19703 


20h 


015582 


TABLE 34. 


Haversines. 


Sh 7m 46° 45/ 


9.19703 
19710 
19717 
19725 


9.19732 
.19739 
.19747 
.19754 

9.19761 
-19769 
.19776 
.19783 


15741 
015743 
015746 
015748 
015751 
015754 
015757 
015759 
015762 
015765 
015767 
015770 
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eed 


015717 


es 


015720 
015722 
015725 
015728 


15730 
015733 
015736 
015738 


oA5741 


53m 


9.19790 
.19798 
.19805 
.19812 


9.19820 
.19827 
19834 
.19842 


9.19849 
.19856 
19863 
.1987] 


9.19878 


9.19907 
.19914 
.19922 
.19929 

9.19936 
.19944 
19951 
.19958 


9.19965 
19973 
.19980 
.19987 


9.19995 
-20002 
.20009 
.20016 

9.20024 
.2003] 
.20038 
.20045 


015773 
015775 
015778 
15781 


015783 
15786 
015789 
15791 


015794 
15796 
015799 
015802 


15807 
15810 
015812 
015815 
15818 
15820 
015823 
15826 
015828 
015831 
015834 
015836 
15839 
015842 
15844 
015847 
15850 
015852 
015855 
015858 
15860 
15863 
15866 


——-__ | — fF | LG 


9.20082 
20089 
.20096 
.20104 

9.20111 
20118 
.20125 
20133 

9.20140 


15868 
15871 
01 5874 
15876 
015879 
15881 
15884 
015887 
015889 
015892 
015895 


oe 


[ 


ee 


Sh gm 47° Sh gm 47° 15 
Log. Hav. | Nat. Hav. | Log. Hav. | Nat. Hav. 
9.20140 | .15900 1 9.20574 | .16060 
.20147 | .16903] .20582!| .16063 
.20154| .15905] .20589| .16065 
.20162| .15908] .20596]| .16068 
9.20169 | .15911 [9.20603 | .16071 
.20176 | .15913] .20611| .16073 
.20184 | 16916] .20618| .16076 
.20191 | .16919] .20625 | .16079 
9.20198 | .15921 [9.20632 | .16081 

.20205 | .15924] .20639| .16084 

.20213 | .15927] .20647| .16087 

.20220 | .15929] .20654| .16089 
9.20227 | 15932 1 9.20661 |. .16092 

.20234 | .16935] .20668 | .16095 

.20242 | .16937] .20675| .16097 

.20249 | .15940] .20683 | .16100 
9.20256 | 15943 19.20690 | .16103 

.20263 | .16945] .20697| .16105 

.20271 | .15948] .20704|] .16108 

.20278 | .15951] .20712| .16111 
9.20285 | .16953 9.20719 | .16113 

.20292 | .18956] .20726] .16116 

.20300 | .15959] .20733} .16119 

.20307 | .15961] .20740| .16121 
9.20314 | .15964 1 9.20748 | .16124 

.20321 | .16967] .20755| .16127 

.20329 | .15969] .20762] .16129 

.20336 | .159721 .20769| .16132 
9.20343 | .156995 1 9.20776 | .16135 

.20350 | 15977 .20784| .16137 

.20358 | 15980] .20791] .16140 

.20365 | .15983] .20798|} .16143 
9.20372 | .1598519.20805| .16146 

.20379 | 15988] .20812] .16148 

.20386 | .15991] .20820| .16151 

.20394 | .15993] .20827| .16154 
9.20401 | 15996 | 9.20834 | .16156 

.20408 | .16999] .20841| .16159 

.20415{ 16001] .20848! 16168 

.20423 | .16004] .20856| .16164 
9.20430 | .16007 | 9.20863 | .16167 

.20437 | .16008} .20870| .16170 

.20444 | .16012] .20877| .16172 

.20452 | 16015] .20884] .16175 
9.20459 | .16017 9.20891 | .16178 

.20466 | 16020} .20899| .16180 

.20473 | .16023] .20906] .16183 

.20481 | .16025} .20913] .16186 
9.20488 | .16028 | 9.20920] .16188 

20495 | 16031 7.20927! .16191 

20502 | .160383 7.20935] .16194 

.20509 | 160367 .20942! .16196 
9.20517 | .16039 1 9.20949 | .16199 

20524 | 16041] .20956] .16202 

.20531 | .160447 .20963| .16204 

20538 | .16047 7 .20971! .16207 
9.20546 | 216049 1 9.20978 | .16210 

£20553 | 160521 .20985| 16212 
.20560 | .16055 9.20992! .16215 
£20567 | 616057] .20999 | .16218 


015898 
015900 


20h 52m 


9.20074 


-16060 1 9.21006 | .16220 


20h 51m 


20h 50m 


Page 204] TABLE 34. 
Haversines, 
Sh 10m 47° 3Y Sh 11m 47° 45/ Sh 12m 48° 0 Sh 18m 48° 15/ Sh 14m 48° 30’ 
8 Log. Hav.| Nat. Hav4 Log. Hav.| Nat. HavJ Log. Hav.| Nat. Havd Log. Hav.) Nat. Havd Log. Hav.| Nat. Hav 
0 9.21006 | .1622019.21436 | .1638219.21863 | .16543 | 9.22287 | .1670619.22709| .16869 
1 21014 | 16223] .21443| .163884] .21870| .16546) .22294| .16709] .22716| .16872 
2 21021 | .16226] .21450| .16387] .21877| .16549] .22301/ 16721 .22723| .16874 
8 .21028 | 62299 .21457| .16390] .21884| 16552] .22308| 16714] .22730| 16877 
+ 21 19.21035) .16231 1 9.21464 | .16392979.21891 | .1655419.22315 | 167171 9.22737| .16880 
5 21042) AG2Z349 .21471| 16395) .21898| 16557] .22322| 16720] .22744] 16883 
6 -21049 | 46237] .21479| 163987 .21905| .16560) .22329| 16922] .22751| 16885 
7 21057 | 16239] .21486| 16401] .21912| .16562] .22336| .167251 .22758| .16888 
+ 2 19.21064| .1624219.21493 | .16403179.21919 | .26565 | 9.22343 | .1672819.22765| 16891 
| 9 21071 | 362459 .21500| .16406] .21926) 16568] .22350| .16730] .22772| .16893 
10 21078 | 362479 .21507| .16409] .21934| 26571] .22358| 16733) .22779| 16896 
11 -21085 016250] .21514| 16411] .21941) .16573] .22365| .16736] .22786| .16899 
+ 98 §9.21092| .1625319.21521 | .16414)9.21948 | .1657619.22372 | .1673819.22793 | .16902 
18 21100} .16255] .21529| .16417] .21955| .16579] .22379| 16741] .22800] .16904 
14 21107 | .16258] .21536| .16419] .21962| 16581] .22386| .16744]7 .22807/| .16907 
15 21114] 16261] .21543| .16422]7 .21969; .16584] .22393| .16747§ .22814| .16910 
4’ 19.21121 | .16263§9.21550 | .2642599.21976 | .1658719.22400 | .1674919.22821| .16913 
17 21128 | 162669 .21557; .16427] .21983 | 16589] .22407| 16752] .22828) .16915 
18 21135} 16269] .21564) 16430) .21990) 16592] .22414} .16755] .22835)} .16918 
19 .21143| 162719 .21571 | .16433] .21997| .16595] .22421| .16757] .22842| .16921 
&’ 19.21150) .1627419.21578 | .4643619.22004 | .16598 [9.22428 | .1676019.22849 | .16924 
21 21157 | 62779 21585 | 16438] .22011] 16600] .22435 | .16763] .22856| 16926 
22 21164] 162807 .21593| .16441] .22019| 16603] .22442) .16766] .22863| .16929 
28 21171 | 16282] .21600| 16444] .22026 16600 .22449 | 16768] .22870| .16932 
@ §9.21178; .1628519.21607 | 16446] 9.22033 | .16608 [9.22456 | .16771] 9.22877 | .16934 
25 .21186| 16288] .21614] .16449] .22040) 16621) .22463) 16774) .22884] .16937 
26 .21193 | .16290] .21621 | .464527 .22047| .16614] .22470) .16777 4 .22891]| .16940 
27 .21200| .16293] .21628| .16454] .22054; .16616) .22477)| .16779] .22898 016943 
2’ }9.21207 | .16296 19.21635 | .1645719.22061 | .16619 1 9.22484 .1678219.22905 | .16945 
29 21214] 16298] .21642| .16460] .22068) 16622] .22491| .46785] .22912| .16948 
80 .21221| 463029 21650) .16462] .22075] .16625— .22498| .16787% .22919} .16951 
$1 .21229| .16304] .21657| .16465] .22082| .16627] .22505! .16790] .22926| .16953 
8 19.21236} .1630619.21664 | .1646819.22089 | .1663019.22512 | .16793 | 9.22933 | .16956 
$8 21243 | 16309] .21671| .164713 .22096| .16633§ .22519| .16795] .22940/ .16959 
84 .21250} 16312] .21678| .164939 .22103| 16635) .22526| .16798] .22947 | .16962 
85 .21257 | 16314] .21685] .16476] .22111] .16638§ .22533| .16801] .22954) .16964 
9 19.21264| .1631719.21692 | .1647919.22118 | .1664119.22540| .1680419.22961| .16967 
87 .21272| 16320] .21699] .16481] .22125| .16644§ .22547/ .16806] .22968/| .16970 
SS .21279 | 163231 .21706] .16484] .22132] 16646] .22555| .16809]% .22975| .16973 
89 .21286 | 16325 .21714| .16487] .22139| .16649] .22562| 16812] .22982] .16975 
+ 10 19.21293 | .1632819.21721 | .1648919.22146 | .16656219.22569 | .16815}9.22989 | .16978 
41 .21300| 16331 .21728} .16492§ .22153| 166547 .22576| .16817] .22996| .16981 
42 .21307 | 16333] .21735 | 16495] .22160/| .16657] .22583| .16820] .23003; .16984 
43 .21314| 16336] .21742| .16498 -22167 016660] .22590| .16823] .23010/ .10986 
+ 11 [9.21322 | .1633919.21749 | .1650019.22174 | .1666319.22597 | .1682519.23017 | .16989 
45 21329 | 16341] .21756| 16503] .22181| 16665] .22604] 16828] .23024| .16992 
46 21336 | 16344] .21763] 16506] .22188| 16668] .22611| .46831§ .23031| 16994 
47 .21343 | 163477 .21770| .16508] .22195| .16671 22618) 16834] .23038 | .16997 
+ 12 19.21350} .1634919.21778 | 165119 9.22202 | .1667319.22625 | .16836 19 23045 | .17000 
49 21357 | 163529 .21785) .16514] .22209| .16676) .22632| .16839] .23052| .17603 
50 .21364 | 226355 ]7 .21792| .16516] .22216| .46679] .22639| .16842] .23059/ .17005 
51 21372 | 163577 .21799| .16519] .22224] .16681] .22646| .16844] .23066| .17008 
+ 13’ [9.21379] .1636019.21806 | .1652219.22231 | .16684]9.22653 | .1684719.23073 | .17011 
58 21386 | 163637 .21813) .16524§ .22238) 16687] .22660| .168507% .23080| .17014 
54 .21393 | 16366 .21820| .16527] .22245| .16690] .22667| .16853] .23087| 17016 
55 ©1400] .16368] .21827| 16530] .22252| .16692] .22674| .16855{ .23094; .17019 
14” 19.21407| .16371 9.21834 | .16533 19.22259 | .16695 [9.22681 | .1685819.23100| .17022 
57 21414] .163749 .21841 | .16535§ .22266| .16698] .22688/ .16861] .23107| .17024 
58 .21422| 463769 .21848| 16538} .22273| 16701] .22695| .168644 .23114! 17027 
59 21429| 1637947 .21856 16541 .22280 | 186703} .22702| .16866] .23121] 17030 
“- 157 9.21436 | 216382 19.21863 | .16543 |. 9.22287 | .1670619.22709 | .16869}9.23128 | .17033 
20h 49m 20h 48m 20h 47m 20h 46m 20h 45m 
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TABLE 34. 


Haversines. 

Sh 15m 48° 45/ | sh 16m 49°O | 3h 17m 49° 15/ 
Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav Log. Hav.| Nat. Hav 
9.23128 | .17083 | 9.23545 9.23960 | .17362 

.23135 | 1703859 .23552 .23967 | 17365 

23142 | 17088} .23559 .23974 | 17368 

23149 | 270417 .23566. .23981 | 17370 
9.23156 9.23573 | 197208 19.23388 | 17373 

.23163 .23580 | -AIZ1L§ .23994] 19336 

.23170 .23587 | 172149 .24001! .17379 

.23177 .23594 | 19216] .24008} .17381 
9.23184 9.23601 9.24015 | .17384 

23191 .23008 .24022 | 17387 

.23198 .23615 .24029 | .17390 

.23209 .23622 .24036 | .17382 
9.23212 | 17066 | 9.23629 9.24043 | .17395 

.23219 .23635 .24050 | 17388 

.23226 .23642 .24056 | 17401 

.23233 .23649 .24063 | 17403 
9.23240 9.23656 9.24070 | 17406 

23247 .23663 .24077 | 17409 

.23204 .23670 .24084 | 17412 

.23261 .23677 .24091 | 17414 
9.23268 9.23684 9.24098 | 17417 

23270 .23691 24105 | 17420 

25282 .23698 24111} .17423 

23289 .23705 24118} 17425 
9.23295 9.23712 9.24125 | .17428 

.23302 23718 24132 | .17431 

.23309 .23725 24139 | 17434 

.23316 | 910799 23732 24146] .17436 
9.23323 | 17109 | 9.23739 9.24153 |] .17439 

.23330 | eATLI2Z] .23746 24160] 17442 

.23337 | (71159 .23753 24166 | 17445 

23344 | 471287] .23760 24173 | 17447 
9.23351 | 17120 | 9.23767 9.24180] .17450 

.23308 | oA7123 4 .23774 .24187 | .17453 

.23369 | eAT126 4 23781 24194 | 17456 

23372 | ef @1287 .23788 .24201 | 17458 
9.23379 | 17131 19.23794 9.24208 | .17461 

.23386 | £71347 .23801 .24215 | 17464 

.23393 | AZA37 I .23808 24221 | 17467 

.23400 | 17139] .23815 .24228 | 17470 
9.23407 | 19142 | 9.23822 9.24235 | 17472 

.23414 | 417145] .23829 -24242 | .197475 

.23421 | 197148] .23836 .24249 | 17478 

.20427 | 171504 23843 .24256 | .17481 
9.23434 | 17153 1 9.23850 9.24263 

23441 | 17156} .23857 -24269 

23448 | 17159) .23863 .24276 

.23450 | eLZ161 9 .23870 .24283 
9.23462 | .17164 1 9.23877 9.24290 

.23469 | 171674 .23884 .24297 

23476 | eA7170 7 23891 .24304 

.23483 | L71IZE .23898 24311 
9.23490 | 7175 1 9.23905 9.24317 

23497 | eAZ1IB I .23912 .24324 

23004 | 17181] .23919 24331 

23511 | 17183] .23926 .24338 
9.23518 | 17186 | 9.23932 9.24345 

23029 | eAF1894 .23939 .24352 

23032 | eAT1924 .23946 -24359 

.23538 | 171949 .23953 .24365 
9.23545 | 197197 | 9.23960 9.24372 

20h 44m 20h 43m 20h 42m 


Sh 18m 49° 830 


Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav 


9.24372 


9.24536 
24543 
.24550 
.24557 

9.24564 
24571 
.24577 
.24584 

9.24591 
.24598 
24605 
.24612 

9.24618 
24625 
.24632 
.24639 

9.24646 
.24653 
.24659 
.24666 

9.24673 
.24680 
24687 
.24694 

9.24700 
.24707 
24714 
24721 

9.24728 
24734 
24741 
.24748 

9.24755 
.24762 
.24768 
24775 

9.24782 


20h 41m 
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Sh 19m 49° 45/ 


9.24782 
24789 


-17694 
217697 
.24796 | 17699 
24803 |_.17702 
9.24809 | .17705 
24816 | .17708 
24823 | .17710 
24830 | .17718 
9.24837 | 17716 
24843 | .17719 
24850 | .17722 
24857 |_.1772A 
9.24864 | 17727] 
24871 | .17730 
24877 | 17733 
24884 | 17735 
9.24891 | .17738 
24898 | .17°41 
24905 | .17744 
24911 | .17746 
9.24918 | 17749 
24925 | .17752 
24932 | .17755 
24939 | _.17758 
9.24945 | .17760 
24952 | 17763 
24959 | .17766 
24966 | _.17769 
9.24973 | 17772 
24979 | 17774 
24986 | 12777 
24993 |_.17780 
9.25000 | .17783 
.25007 | .17785 
25013 | 17788 
25020 | .17791 
9.25027 | 17794 
25034 | 17797 
.17799 
-17802 
-17805 
17808 
; 17811 
25074 | 17813 
9.25081 | 17816 
25088 | «17819 
25095 | 17822 
25102 | _.17824 
9.25108 | .17827 
25115 | .17830 
25122 | .17838 
25129 | .17836] 9 
9.25135 | 17838 
25142 | .17841 
25149 | .17844 
25156 | 17847 
9.25163 | .17849 
25169 | 17852 
25176 | .17855 
25183 | .17858 
9.25190 | 17861 


20h 40m 


SeHasrgssesyeeasjesss |e 


41 


Sh 20m 50° 0 Sh 21m 50° 15/ Sh 22m 50° SY Sh osm 50° 45/ Sh 24m 561° WY 
Log. Hav.| Nat. Hav. } Log. Hav.|Nat. Hav. | Log. Hav.|Nat. Hav.} Log. Hav.|Nat. Hav.i Log. Hav.) Nat. Hav. 
9.25190} .1786119.25595 | .18028} 9.25998 | .1819619.26398 | .18386519.26797 | 18534 

.20196 | 17863) .25602) .18031] .26005| .18199] .26405| .18368] .26804 

.20203 | AI866E .25608| .18034] .26011| .18202] .26412| .18%70] .26810 

.20210| -A7869] .25615| .18036] .26018| .18205] .26418| .18373] .26817 
9.25217 | 1789725 9.25622 | 18039 1 9.26025 | .18207 § 9.26425] .18376 | 9.26823 

20224] 7875] .25629| .18042] .26031| .18210] .26432] .183784 .26830 

.20230 | eA7877 7 .25635| .18045] .26038) 18213] .26438| 18382] .26837 

.20237 | oA7T880] .25642] .18048] .26045| .28216— .26445| .18384] .26843 
9.25244 17883 19.25649 | .1805019.26051 | .1821949.26452 | .18387 I 9.26850 

20201] 17886] .25655/ .18053] .26058| .18221] .26458] .18390] .26856 

20207 | 17888} .25662| 18056] .26065; .18224] .26465] .18383] .26863 

.20264 | 17891] .25669| .18059] .26071| .18227] .26472| .18386] .26870 
9.25271 | 17894 19.25676 | .1806219.26078 | .1823019.26478 | .18399 | 9.26876 

.20278 | 78974 .25682| 18064] .26085/| .182383] .26485| .18401] .26883 

.20284 | 179007 .25689 | .18067] .26091 | .18235§ .26492]| .18404] .26890 

.20291 | 179027 .25696| .18070] .26098| .182388] .26498| .18407] .26896 
9.25298 | 17905 19.25703 | .1807319.26105 | .1824119.26505] .18410 ] 9.26903 

20300 | 7908] .25709) .18076] .26112/| .18244] .26512] .18418] .26909 

25311] 27942] .25716| .18078] .26118| .18247] .26518/ .18415] .26916 

25318 | .17914] .25723| .18081§ .26125| .18249% .26525] .18418] .26923 
9.25325 | 17916 19.25729 | .1808419.26132| .1826219.26532 1] .18421 | 9.26929 

25332 | 17919] .25736 | .18087] .26138 | .18255— .26538] .184234] .26936 

.20339 | eA792Z24 .25743 | 18080] .26145| .18258] .26545] .18427] .26942 

.20345 | 17925] .25750| 186927 .26152! .18261 9) .26551] .2843097 .26949 
9.25352 | £7928 [9.25756 | 1.18095 19.26158 | .1826319.26558 | .18432 | 9.26956 

.20309 | 17930] .25763| .18098] .26165/] 18266) .26565] .18435] .26962 

.20366 | eA7933 5 .25770| .1810L] .26172] 18269] .26571] .18488] .26969 

20372 | AT936T .25776| .18104] .26178| 18272] .26578] .18441] .26975 
9.25379 | 17939 19.25783 | 18106] 9.26185 | .1827519.26585 | .18444 | 9.26982 

.20086 | 7941] .25790| .18199]7 .26192] .18277] .26591] .18446] .26989 

.20393 | eA79449 .25797| .18112] .26198/) .18280] .26598| .18449] .26995 

.20399 | 17947] .25803 | 18115] .26205| .18283] .26605| .18452]§ .27002 
9.25406} .1795019.25810 | .1811819.26212| .1828619.26611| .18455 | 9.27008 

.20413 | 17953] .25817| .18120] .26218; .18289— .26618| .18458]7 .27015 

.20420 | 179559 .25823 | 18123] .26225| 18282] .26625| .18461 4 .27022 

.20426 | 17958] .25830| .18126] .26232| .18284] .26631]| .18463] .27028 
9.25433 | .17961 [9.25837 | .1812919.26238 | .18297 19.26638 | .18466 | 9.27035 

.20440 | 179649 .25844| .18132] .26245| .18300] .26644| .18469] .27041 

20447 | 1979679 .25850| 18134] .26252/ .183038 7 .26651] .18472] .27048 

.20403 | o17969F .25857} 18187] .26259| .183061 .26658| .18475] .27055 
9.25460 | 17972 [9.25864 | .1814019.26265 | .18308 | 9.26664 | .184978 1 9.27061 

.25467 | 179759 .25870| 18143] .26272| 18311] .26671] .18480]4 .27068 

.20474 | 17978] .25877 | 18146] .26279| .18314] .26678| .184839 .27074 

.20480 | 17981] .25884| 18148 .26285| .18317] .26684| .18486] .27081 
9.25487 | 17983 §9.25891 | .1815119.26292 | .1832049.26691 | .18489 | 9.27088 

.20494 | 179867 .25897| .18154] .26299| .18323] .26697| .18492] .27094 

.20000 | 17989] .25904 | .18157] .26305| .18325] .26704] 18494] .27101 

20007 | eA7992E .25911 | .181607 .26312) .18328§ .26711} .18497] .27107 
9.25514 | 17995 19.25917 | .1816219.26319 | .18331]19.26717 | .1850019.27114 

20021} 179979 .25924] 18165] .26325| .18334] .26724] .18503§ .27121 

.29028 | 180007 .25931 | .18168] .26332| .18337] .26731| .18506] .27127 

.20034 | 180037 .25938 | .18171] .26339 | .18339] .26737| .18509] .27134 
9.25541 | 18006 1 9.25944 | .1817419.26345 | .1834219.26744 | .18511 1] 9.27140 

.20048 | 180089 .25951 | 181769 .26352)| .18345] .26751| 185284] .27147 

- 25554 | 18011] .25958! .18179] .26359] 18348] .26757| 185179 .27154 

20061 | 18014] .25964| .18182]7 .26365| .18351 _.26764 018520] .27160 
9.25568 | 18017 }.9.25971 | .1818519.26372 | .1835349.26770 | .18523 | 9.27167 

-20070 | 0180209 .25978| .18188] .26378] 18356] .26777| .18526} .27173 

20081 | 180227 .25984| 18190] .26385| 18359] .26784] .18528] .27180 

.20988 _ 018025 .20991 | 18193] .26392| 18362] .26790} .18531] .27186 
9.25595} .18028 1 9.25998 | .18196 19.26398 | .1836519.26797 | .1853419.27193 

20h ggm 20h gm 20h $7m 20h s6m 20k $5™ 
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Haversines. 


Sh 95m 51° 15/ Sh 96m 51° 3H Sh 27m §1° 45/ Sh 28m §2° WY 3h 29m §2° 15’ 
Log. Hav.'Nat. Hav. Log. Hav.| Nat. Hav Log. Hav.| Nat. Hav. Log. Hav.) Nat. Hav} Log. Hav.| Nat. Hav s 
9.27193 | .18704 | 9.27587 | .1887419.27979 | .1904519.28368 | 192171 9.28756 | .19389 


ase 


.27200 | 218707} .27594| .18877] .27985) .19048] .28375| .19220] .28762| .19392 

27206 | 18710] .27600| .18880] .27992| .19051] .28381 | .19223] .28769| 19395 

27213 | 18712] .27607 | .18883] .27998 .28388 | 19226} .28775) .19398 

+ 2 19.27219| .187151 9.27613 | 18886 9.28394 | .19228]9.28782| .19401 
5 .27226 | 218718] .27620| .18888 -28401 | 19231] .28788| .19404 

6 27233 | 18721] .27626| .18891 .28407 | 19234] .28794| .19406 

7 27239 , 18724] .27633 | 18894 .28414 | 19237] .28891| 19409 


+ 2 49.27246| .18727] 9.27639 | .18897 | 9.28031 9.28420 | .1924019.28807 | 19412 

9 .27252 | 18729] .27646 | .48900} .28037 | .19071] .28427| .19243] .28814| .19415 

10 27259 | 87329 .27652| 18903] .28044; 19074) .28433 | .19246) .28820| 19418 

11 27265, 18735] .27659 , .18906} .28050 28440 , 19248] .28827, .19421 

+ 38 19.27272| .1873819.27666 | .18908 9.28057 9.28446 | .19251 9.25833 | .19424 

13 .27279 | 18741] .27672| 48912] .28063 .28453 | 19254] .28840 | 19427 
14 27285 | 18744] .27679| 18914] .28070 .28459 | 19257] .28846 | .19429] 

15 .27292 | 18746] .27685| 18917] .28076 28465 | 192607 .28852 | .19432 


19.28859 | .19435 
.28865 | 219438 


9.27692 | 18920 
.27698 | 18923 


+ 4°19.27298| .18749 
17 .27305 | 18752 


9.28083 
.28089 


18 27311 | 18755] .27705| 189269 .28096 019269} .28872| .19441 
19 27318 | 18758} .27711| .18928] .28102 eAS2Z71] .28878 | 19444 
+ 8 19.27325| .18761]9.27718| 18931] 9.28109 019274}. 9.25885 | 19447 
21 27331 | 18763] .27724| 18934] .28115 19277] .28891 | 19450 
22 .27338 | 18766} .27731| 189379 .28122 19280] .28897| .1945% 
28 27344 | 18769] .27737 | .18940) .28128 0192837 .28904 | .19455 


————— 


+ 8 19.27351| .1877219.27744| 18943 | 9.28135 9.28524 | 192786 19.28910| .19458 
25 .27357 | oA8S7TI5 | .27751 | 2189455 .28141 .28530 | 19289] .28917| .19461 
26 .27364 | 18778] .27757| 18848] .28148 .28537 | 892917 .28923| .19464 
: 27 .27371 | 18780] .27764| 18951] .28154 28543 | 192847 .28930 | 19467 
+ WW 49.27377| .18783}9.27770| 18954] 9.28161 9.28549 | 19297 7 9.28936 | .19470 
29 .27384 | 18786] .27777| .18967] .28167 .28556 | 19300] .28942| .19473 
80 .27390 | 18789} .27783| .18960] .28174 1 .28562 | 193803] .28949) .19475 
31 .27397 | 187927 .27790 | 18963] .28180 28569 | 19306] .28955 | .19478 | 


+ §8719.27403| 18705 19.27796 | .18965 [ 9.28187 019309 f 9.28962 | .19481 
88 27410 | .187971 .27803| .18968— .28193 019311] .28968| .19484 
84 .27417| 18800] .27809] .18971] .28200 019314] .28974| .19487 
85 .27423| .18803] .27816] .18974] .28206 -19817] .28981| .19490 
+ 9 179.27430) .18806 1 9.27822] .18977 1 9.28213 019320 1 9.28987 | .19493 
S7 27436 | 218809} .27829| .18980 .28219 019323] .28994| .19496 
88 27443 | 18812] .27835| .189831 .28226 -19326] .29000| .19499 
89 .27449 | 18815] .27842| .18985 9 .28232 19329] .29007| .19501 
+ 10 [9.27456| .1881719.27848| .18988 [9.28239 019332 1 9.29013 | .19504 
41 .27463 | 18820] .27855| .189911 .28246 019335] .29019| .10507 
42 .27469| 2188231 .27861| 18994] .28252 019337] .29026| .19510 
48 .27476 | 18826] .27868| .18997]7 .28258 019340] .29032/ .19513 
+ 11’ [9.27482} .1882919.27875| .19000 | 9.28265 19343 19516 
45 27489 | 188329 .27881| .190021 .28271 219346 19519 
46 .27495 | 218884] .27888} .19005]7 .28278 019349 219522 
47 27502 | 18837] .27894| .19008] .28284 19352 019524 
+ 1% 19.27508| .188401 9.27901 | .19011 [9.28291 9.28679 | 19355 019527 
£27515 | 18843] .27907| .190141 .28297 28685 | 19858 19530 
.27522| 188469 .27914/ .19017] .28304 .28691 | .19360 019533 

27528} 18849] .27920! .19020] .28310 28698 | 193634 2: 019536] 9 

9.27535 | 188521 9.27927 | .19022 1 9.28317 9.28704 | .1936619.29090 | .195391 3) 

27541] 18854] .27933| .190251 .28323 .28711| 219669] .29096| .19542] 7 

.27548 | 18857] .27940| .190281 .28330 "28717| 219372] .29103| .195451 6 

.27554 | 18860] .27946 | .19031] .28336 .28724 | 19375] .29109| .19548] 5 

9.27561 | 18863] 9.27953 | .190341 9.28342 9.28730 | .19378]9.29116] .195501 4 

27567 | 18866] .27959| .19037] .38349 28737 | 19381} .29122| .19553] 3 

.27574| 18869] .27966| 190401 .28355 8743} 2193837 .29128] .195561 2 

-27580 | 18871] .27972| 19042] .28362 28749 | .193861 .29135| .19559] 1 

9.27587 | 1887419.27979| .49045 1 9.28368 | .1921719.28756 | .1938919.29141| .19562T O 


20h 34m 20h 33m 20h som 


Page 298] TABLE 34. 
Haversines. 
Sh 80m 52° SY | 84 81m 52° 45 Sh 82m §3° WY | Sh 33m 53° 15 Sh 34m 53° 30/ 
8 Log. Hav.| Nat. Hav.f Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav. Log. Hav.| Nat. Hav. Log. Hav. 8 
0 9.29141 | 19562 | 9.29524 | .19735 | 9.29906 | .1990819.30285 | .20084 | 9.30662 60 
1 29148 | 19565] .29531| 19738} .29912;| .19912] .30291| .20087] .30668 59 
2 29154 | 19568] .29537 | .19741] .29918) .19915— .30297| .200001 .30674 58 
8 .29160 | 429571] .29543| .19744] .29925| .19918] .30303 | .20083] .30680 57 
9.29167 | 19573 19.29550 | .19974719.29931 |] .1992119.30310 | .20095 | 9.30687 56 
5 29173 | 19576 .29556| .19750] .29937| .19924] .30316| .20088] .30693 55 
6 .29180 | 19579] .29563 | .19753] .29943| .19927] .30322/] .20101] .30699 54 
7 .29186 | 19582] .29569| 19756] .29950| .19930] .30329] .20104] .30705 53 
2’ 19.29192 | .19585 1 9.29575} .1975819.29956 | .19932 | 9.30335 | .20107 | 9.30712 52 
.29199 | 2195887 .29582| .19761] .29962| .19935] .30341/ .20110] .30718 61 
29205} 19591] .29588 | 19764] .29969| 3.19938) .30348 | .20113] .30724 50 
.29594 | .19767] .29975| .19941] .30354| .20116] .30730 49 
9.29601 | .1977019.29981 | .19944 3 9.30360 | .20119 | 9.30737 48 
29607 | 19773] .29988 | .19947]7 .30366| .20122) .30743 47 
29614} 199776) .29994| .19950) .30373| .20125) .30749 46 
29620} 19779) .80000| .19953} .30379| 20127] .30755 45 
9.29626 | .1978219.30007 | .19956 1 9.30385} .20130 | 9.30762 44 
29633 | 19785} .30013} .19959) .30392| .20133] .30768 48 
-29639 | 19787] .30019; .19962] .30398| 201361 .30774 42 
29645 | .19790] .30026| .19964] 30404 020139 | .30780 41 
9.29652 | .19793 [9.30032 | 19967 | 9.30410 | .20142 | 9.30787 40 
-29658 | 19796) .30038| .19970] .30417| .20145] .30793 389 
.29664 | 19799) .30045| .19973] .30423| 20148] .30799 388 
.29671 | .19802] .30051|] .19976] .30429| .20151] .30805 S7 
9.29677 | 19805 | 9.30057 | .19979 | 9.30436 | .20154 | 9.30812 
.29683 | 198084 .30064/| .19882] .30442| .20157] .30818 
29690 |} 19811) .30070/] .19985] .30448| .20160) .30824 
O} .29696 | .19814] .30076| .19988] .30454| .20162] .30830 
9.29703 | 219816 | 9.30083 | .19991 1 9.30461 | .20165 | 9.30837 
-29709 | 19819] .30089] 19994) .30467| .20168] .30843 
.29715 | 19822] .30095/] 19996] .30473|] 20171] .30849 
.29722 | 19825) .30102| .19909) .30480| 20174] .30855 
9.29728 | .1982819.30108| .2000219.30486 | .20197 | 9.30862 
.29734| 19831] .30114| .20005] .30492| .20180} .30868 
29741 | 198349 .30121| .20008) .30498| .20183] .30874 
.29747 | 19837] .30127| .20011 7 .30505!| 20186] .30880 
9.29753 | .1984019.30133 | .2001419.30511] .20189 | 9.30887 
-29760 | 19842] .30139| 200177 .30517] 20192) .30893 
-29766 | « 30146 | .20020]7 .30524| .20195] .30899 
29391 | 19695] .29772| 19848] .30152| .200234 .30530| .20198] .30905 
9.29397 | 196771 9.29779 | 219851 19.30158 | 20026 § 9.30536 | 20200 | 9.30912 
.29403 { 19680] .29785] 19854] .30165| .20028] .30542| .20203] .30918 
29410 | 19683] .29791| .19857] .30171| .20031 30549 | 20206] .30924 
.29416 19686 .29798 | 19860] .30177| .20034 30555 | 202094 .30930 
9.29422 | 19689 | 9.29804 | 198631 9.30184 | .20037 §9.30561 | 20212 | 9.30937 
.29429 | 19692] .29810| .19866} .30190| .200409 .30567| 20215] .30943 
29435 | 196957 .29817| .19869] .30196| .20043 17 .30574| 20218] .30949 
.29442 _ 19698 .29823 | 19872] .30203| .20046} .30580| .20221 7 .30955 
9.29448 | 19701 9 9.29829 | .198741 9.30209 | .20049 1 9.30586 | 20224 | 9.30962 
.29454 | 19703] .29836 | .1987797 .30215| .20052]7 .30593| 20227] .30968 
29461} 19706] .29842] .19880 30222 | .20055 7 .30599] 20230] .30974 
.29467 | 197097 .29848 | .19883 30228 | .20058] .30605| 202337 .30980 
9.29473 | 197121 9.29855 | 19886 | 9.30234 | .20060]9.30611 | 20235 | 9.30987 
.29480 | 19715] .29861 | .19889] .30240; .20063] .30618| .20238] .30993 
29486 | 19718] .29867| 19892] .30247| 20066} .30624| .20241] .30999 
.29493 | eL97Z19 .29874| .19895] .30253| 200691 .30630| 20244] .31005 
9.29499 | .19972419.29880 | 19898 § 9.30259 | .20072 1 9.30636 | .20247 | 9.31012 
29505 | 97277 .29886 | 19901] .30266| 20075] .30643] 20250] .31018 
29512] 219730 .29893] .19903§ .30272| .20078] .30649] .20263) .31024 
29518} 19732] .29899} .19906] .30278!] 20081] .30655]| 20256) .31030 
9.29524 | 197351 9.29906 | 1990981 9.30285 | .200841 9.30662] .20259 | 9.31036 
20h 29m 20h 2gm 20h 27m 20h 26m 


TABLE 34. 

Haversines. 
Sh 35™ 53° 45/ Sh 36m 54° Sh $7m 54° 15/ 

Log. Hav.| Nat. Havj Log. Hav.) Nat. Havd Log. Hav.| Nat. Havd Log. Hav 

9.31036 | .20435 19.31409 | .20611 9.31780 | .20788 
31043 | 20437] .31416] .20614] .31786| .20790 
31049 | .20440F .31422| .20617] .31793| .20793 
31055 | 20443] .31428| .20620] .31799| .20796 
9.31061 | 20446 | 9.31434 | .2062319.31805 | .20799 
31068 | .20449] .31440] .20626] .31811] .20802 
31074 | 20452] .31447| .20629]7 .31817| .20805 
31080 | .204559 .31453] .20631] .31823] .20808 
9.31086 | .20458 19.31459 | .2063419.31830/| 20811 
.31093 | .20461] .31465| .206371 .31836| .20814 
.31099 | 20464] .31471| .20640] .31842] .20817 
31105 | .20467} .31478| .20643] .31848| .20820 
9.31111] .2047019.31484 | .2064619.31854 | .20823 
31117 | 20473] .31490| .20649] .31860| .20826 
31124] .20478] .31496| .20652] .31867]| .20829 
.31130| .20479] .31502] .206557 .31873| .20832 
9.31136 | .2048119.31508 | .2065819.31879 | .20835 
31142] 204845 .31515| 206614 .31885| .20838 
31149 | .20487] .31521| .20664] .81891 |] .20841 
31155 | 20490] .31527| .20667] .31897| .20844 
9.31161 | .20493 19.31533 | .2067019.31903 | .20847 
31167 | .20496] 31539] 20673] .81910| .20850 
31173 | .20499} .31546| .20675] .31916| .20852 
.31180 | .205027 .31552] . 31922 | 20855 
9.31186 | .20505 | 9.31558 9.31928 | .20858 
31192 | .20508] .31564| .20684] .31934| .20861 
31198 | .20511 9 .31570| 20687] .31940| .20864 
31205 | .20514] .81577| 20690] .31947| .20867 
9.31211 | .20517§. 9.31583 | .2069319.31953 | .20870 
31217 | 1.205204 .31589| 206807 .31959| .20873 
31223 | 20523] .31595| 20699] .31965| .20876 
.31229 | .205257 .31601| .207027 .31971| .20879 
9.31236 | .2052819.31607 | .2070519.31977 | .20882 
.31242| 20531] .31614] .20708] .81983 | .20885 
31248 | 20534] .31620| .20711] .31990| .20888 
31254 | .20537 7 .31626| .20714] .31996| .20891 
9.31260 | .2054019.31632 | .2071719.32002 | .20894 
31267 | .20543] .31638 | .207208 .32008] .20897 
31273 | 20546] .31644] .20723] .32014| .20900 
31279 | 205497 .31651] 20726] .32020] .20903 
9.31285 | .20552 1 9.31657 | 1.20729 19.32026 | .20906 
31291 | .20555] .31663 | .20731] .32033 | .20909 
.31298 | .205581 .31669| .20734] .32039] .20912 
.31304| 20561] .31675| 207371 .32045| .20915 
9.31310 | 20564 19.31682 | .2074019.32051} .20918 
.31316 | 205675 .31688| 20743] .32057]| 20920 
.31323 | 20570) .31694] .20746] .32063| .20923 
31329 | .20573 7 .31700 | 20749] 32069 | .20926 
9.31335 | .20575 9.31706 | .2075219.32076 | .20929 
31341 | .20578] .31712| 20755] .32082] .20932 
.31347 | .20581} .31719) 20758] .32088| .20935 
31354 | .20584] .31725 | .20761] .32094| .20938 
9.31360 | .2058719.31731 | .2076419.32100| .20941 
31366 | .20590] .31737| 207674 .32106| 20944 
.31372 | .20593] .31743 | .20770] .32112| .20947 
31378 | .20596] .31749| .20773] .32119| .20950 
9.31385 | .20568919.31756 | .2077619.32125| .20953 
.31391 | .206027 .31762| .20779] .32131| .20956 
.31397 | 20605] .31768| .207821 .82137| .20959 
.391403 | .20608] .31774| .20785] .32143| .20962 
9.31409 | .2061119.31780 | .2078819.32149 | .20965 

zohesm | _e0heem 


Sh 3am 54° 3Y 
-| Nat. Havd Log. Hav.| Nat. Hav 


9.32149 
32155 
32161 
32168 

9.32174 
.32180 
32186 
32192 

9.32198 
32204 
32210 
32217 

9.32223 
.32229 


9.32247 
32293 
32259 
32266 


9.32272 


32278 
32284 
32290 
9.32296 
32302 
32308 
32315 


9.32321 


32327 
32333 
32339 
9.32345 
32301 
32307 
92363 
9.32370 
.32376 
32382 
.32388 
9.32394 
.32400 
32406 
32412 


8 1 9.32418 


.32420 
32431 
32437 
9.32443 
.32449 
32459 
32461 
9.32467 
32473 
32480 
32486 


9.32492 


21072 
71074 
021077 
71080 


-21083, 


21086 
21089 
21092 
21095 
71098 
71101 
021104 
071107 
71110 
71113 
71116 
71119 
021122 
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Sh 39m 54° 45/ 


9.32516 
232022 


9.32614 
.32620 
32626 
32632 


9.32638 


9.32662 
.32668 
32675 
32681 


9.32687 
32693 
32699 
.32705 

9.32711 
32717 
32723 
32729 

9.32735 
32741 
32748 
32704 

9.32760 
32766 
32772 
32778 


071175 
071178 
21181 
021184 
071187 


9.32784] .21 


32790 
32796 
32802 
9.32808 
32814 
32820 
32827 
9.32833 
32839 
32845 
32851 


9.32857 


71140 
o21143 


20h 21m 


32863 
32869 
32875 


9.32881 


21318 
o21321 


20h 20m 


49 
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Page 300] TABLE 34. 
Haversines. 
Sh 40m 5° Y | Sh 41m §5° 15 | Sh 42m 55° 3 | Sh 43m 55° 45’ | Sh 44m 56° 
s Log. Hav. | Nat. Hav.] Log. Hav. | Nat. Hav.] Log. Hav. | Nat. Hav. Log. Hav. | Nat. Hav.{ Log. Hav. | Nat. Hav. 
0 9.32881 | .21321 | 9.33244 | .2150019.33605} .21680 | 9.33965] .21860 | 9.34322 | .22040 
1 32887 | .21324} .33250] .21503 7 .33611 | .21683] .33971| 21863] .34328 | .22043 
2 32893 | 213277 .33256) .21506] .33617 | .21686] .33976| 21866] .34334] .22046 
8 32899 | 2133807) .33262) .21509] 33623] .21689] .33982] .21869] .34340] .22049 
+ 1/)9.32905 | .21333 1 9.33268 | .21512 7. 9.33029 | .21692 | 9.33988 | .218972 1 9.34346 | .22052 
5 32911] .213386 9 .33274] .21515]7 .33635] .21695] .33994| .21875] .34352] .22055 
6 .32918 | .21339] .33280 | .21518] .33641] .21698] .34000)] .21878] .34358] .22058 
7 32924 | 21342] 33286] .21521 5 .33647, .22701 34006 | .21881 .34363] .22061 
+ 2719.32930 | .21345 1 9.33292 | .2152419.33653 | .2170419.34012 | .2188479.34369 | .22064 
9 .32936 | 21348] .33298} .21527] .33659 | .21707] .34018]| .21887] .34375| .22067 
10 .32942 | 21361} .33305] .215307 33665] .21710] .34024)] .21890) .34381 |] .22071 
11 32948] .21354) .33311] 21533] .33671] .21713] .34030| .21893] .34387 | .22074 
+ 3 19.32954 | 21367 19.33317 | .21536 1 9.33677 | .21716 19.34036 | .21896 [9.34393 | .22077 
18 .32960 | .21360 9 .33323 |] .21539] .33683| .21719] .34042] .21899] .34399]| .22080 
14 32966 | .21363 7.33329 | .21542] .33689| .2197227 .34048| .21902] .34405]| .22083 
15 .32972 | «213664 .33335 | .21545 7 .33695] .217251) .34054] .21905] .34411 | .22086 
+ 4/19.32978] .21369 1 9.33341 | .21548 9.33701 | .2172819.34060] .21908 |9.34417 | .22089 
17 .32984 | 62139724 .33347 | .21551] .33707 | .21731 7 .34066| .21911] .34423| .22092 
18 32990 | .21375 7 .33353 | .21654f .33713| 24973849 .34072] .21994] .34429 | .22095 
19 £32996 | £21878 f .33359 | .21557 ] .33719] .21737 7 .34078| .24917 7 .34435 | .22098 
+ §/49.33002 | .2138119.33365 ] .21560 1 9.33725 | .2174019.34084 | .2192019.34441 | .22101 
21 .33008 | 221384 .33371 | .21563] .33731 | .21743] .34090] .21923] .34446] .22104 
22 .33014] 221387} .33377 | .21566] .33737 | 21746] .34696 | .21926] .34452| .22107 
28 .33021 | .21390 7 .33383 | .21569] .33743 | .21749]1 .34102] .21928] .34458 | .22110 
+ 6/719.33027 | .21393 19.33389 | .21572 |. 9.33749 | .21752 19.34108 | .21932 1 9.34464 | .29113 
25 .33033 | 21396] .33395 | .21575] .33755| .21755] .34114] .21935] .34470]| .22116 
26 .33039 | 213994) .33401 | .21578 4 .33761 |] .21758 7 .34120] .21938] .34476] .22119 
27 .33045 | 2214024 .33407 | .21581 | .33767 | .21761] .34126| 21948] .34482 | .22122 
+ 949.3305] | .21406 19.33413 | .2158419.33773 | .2176419.34132 | .2194419.34488 | .22125 
29 33057 | .21408 7 .33419| 21587] .33779 | 219674 134137) . st al .34494 | .22128 
380 .33063 | 21411] .33425| .21590] .33785! .217701 .34143] .21950] .34500] .22131 
$1 .33069 | .21414 9 .33431 | .21593] .33791 | .21773] .34149| .21983] .34506 | .22134 
+ 8/19.33075 | .21417 19.33437 | .21596 19.33797 | .2177649.34155 | .2196699.34512 | 1.221% 
38 .33081 | 214207 .33443 | .21599 7 .33803 | 21779917 .34161 | .24959°'] 34518 | .22140 
34 .33087 | 214239 .33449 | .21602]7 .33809 | .217827 .34167| 21962] .34524] 22143 
35 .33093 | 2214267 .33453 | .21605 7° .33815 | 28785] .34173 | .21965] .34529 | 22146 
+ Y 4F9.33099 | .21429 79.3346) | .21608 19.3382] | .21788 19.34179 | .21968 1 9.34535 | 22149 
37 33105 | 2143109 .33467 | 21612 7 33827 | 21781 F .34185| 21971] .34541 | .22152 
88 OSllL | 6214849 .33473 | 21614) .33833 | .21794] .34191 | .21974] .34547 | .22155 
39 O3L17 | 2214377) .383479 | .24617F .33839] .24997 7 .34197 | .219977 7 .34553 | .22158 
+ 10 99.33123 | .21440959.33485 | £21620 § 9.33845 | .21800 $. 9.34203 | .2198099.34559 | .22161 
41 33129 | .21443] 33491 | .21623] .33851| .21803] .34209| .21983] .34565 | .22164 
42 33135] 21446] .33497 | 21626) .33857 | .21806] .384215) .21986§ .34571 | 22167 
48 38142 | 6214497 33503 | .21629 fF .33863 | .21809F .34221 | .81989] .34577 | .22170 
+ 11/9 9.33148 | £21452 1.9.33509 | 91632 | 9.33869 | .21812 1 9.34227 | .2199219.34583 | .22173 
45 393154 | 21455 [| .33515| .21635] .33875| .21815) .34283 | 21996] .34589 | .22176 
46 33160 | 214589 .33521 | .216388f 39381 | .21818] .34239] .21998] .34595| .22179 
47 33166 | 224619 .33527 | .21641 7 .33887 | .21821 7 .34245] 22001] .34600| 22182 
+ 12/99.33172 | 21464 19.33533 | .21644 1 9.33893 | .21824 9.34251 | .22004)9.34606 | .22185 
49 .33178 | 221467 § .33539 | .21647] .33899| 21827] .34256] .22007] .34612| .22188 
50 .33184 | 214709) 33545 | .21650} .33905 | .21830] .34262) .220104) .34618 | 22191 
51 3190} 28473} 33551 | .21653 7 33911 | 21833] .34268) 220131 .34624]| .22194 
+ 13/7 9.33196] .28476 19.33557 | £21656 §.9.33917 | .21836 1 9.34274 | .22016 1 9.34630 | .22197 
58 33202 | 214794 .33563 | £21659 7 .33923 | .218397 .34280)] 220194 .34636 | .22200 
54 £33208 | 21482] 33069 | .21662 7 .33929 | .21842) .34286| .22022] .34642| 22208 
55 33214] 2214859 .33575 | 216657 33935] .21845] .34292| .22025] .34648 | .22206 
+ 14719.33220 | .21488 [9.33581 | .21668 | 9.33941 | .21848 | 9.34298 | .22028 1 9.34654 | .22209 
57 33226 | 21491 § 33587 | 21671] 233947) .21851 7.34304] 220311 .34660 | 22212 
58 233232 | e214949) 33593 | 216744 .33953 | 21854] 34310 | 22034] .34666] 22215 
59 .33238 | 21497 7 .33599 | .21677 § .33959 | .21857] .34316| 2203871 .34671| .22218 
+ 19’ ] 9.33244 | .21500 1 9.33605 | .21680 §9.33965 | .21860 | 9.34322 | .2204019.34677 | 22221 
20h 19m 30% 18m 20h 17m 20h 16m 20h 15” 
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TABLE 34. [Page 301 


Haversines. 7 


Sh 45m 56° 15’ | Sh 46m 56° 3 =| Sh 47m 56° 45’ Sh 48m 57° Sh 49m 57° 15/ 


8 Log. Hav. | Nat. Hav. | Log. Hav. | Nat. Hav. } Log. Hav. | Nat. Hav. Log. Hav. | Nat. Hav.] Log. Hav. | Nat. Hav. 
0 9.34677 | .22221 1 9.35031 | .22403 | 9.35383 | .22585 1 9.35733 | .2276819.36081 | .22951 1 60 
1 34683 | 22225] .35037 | 22406] .35389 |° 22588] .35738| 22771] .36086| .229541 59 
2 34689 | 22228] .35043 | 224091 .35394| 22591] .35744| .22774] .36092| .22087 1 58 
8 .34695 | 22281] .35049| 22412] 35400) .22594] .35750| .22777] .36098| .22060] 57 

+ 1779.34701| .22234]9.35054 | .2241519.35406| .22598 [9.35756 | .2278019.36104| .229641 56. 
5 -34707 | 222387] .35060| 22418] .35412) .22601 | .35762| 22783 .36110| .22967 | 55 
6 .34713 | 22240] .35066| 224211 .35418!| .22604] .35767| .22786] .36115| .229701 54 
7 .34719 | 222439 .35072| 22424] .35424| .22607 4 .35773| 227891 .36121]| 22973} 58 

+ 2/19.34725| .2224619.35078 | .22427 9.35429 | .2261019.35779 | .2279219.36127 | .229761 52 
9 .34730 | 222491 .35084| 22430] .35435| 22613] .35785| .22796] .36133 | 22979] 51 
10 .34736 | .22252 1 .35090| 22433] .35441| 22616 .35791 | 22799] .36139] .229824 50 
11 .34742 | 222657 .30096| 22437) .35447| 22619] .35797 | 22802] .36144| .22885 1 49 

+ 98 19.34748| .2225819.35101 | .2244019.35453 | .2262219.35802] .2280519.36150| .22988] 48 
138 .94754 | 22261 .35107| 224431 35459] 22625] .35808| .22808] .36156| .22991 | 47 
14 -34760 | 222649 .35113| 22446] .35464| .22628] .35814] 22811] .36162| 229941 46 
15 .34766 | -22267— .35119| .22449] .35470| .22631§ .35820| .22814] .36167| .22087 1 45 

+ 4°19.34772| .2227019.35125 | .22452 19.35476 | .2263419.35826 | .2281719.36173 | .23000] 44 
17 .34778 | 22273] .35131 | 22455] .35482] 22637] .35831 | .22820] .36179| .23003 

18 .34784 | 22276] .35137| 22458] .35488 | 22640] .35837 | .22823] .36185] .23006 

19 .34789 | 222797 .35143 | 22461] .35494] .22643] .35843 |] .22826] .36191] .23009 

+ 98 19.34795 | .2228219.35148 | .2246419.35500 | .22646 1 9.35849 | .2282919.36196 | .23012 

21 34801 | 22285] .35154 |] .22467 1 .35505 | .22649] .35855 | 22832] .36202| .23016 

22 .34807 | 22288] .35160] -224707 .35511 | 22652] .35860] 22835] .36208| .28019 

28 .34813 | -22291] .35166 | 22473] .35517 | 22655] .35866] 22838] .36214| .238022 

+ @&19.34819 | .2220419.35172 | .22476 1 9.35523 | .22658 1 9.35872 | .2284119.36219| .23025 

25 .34825 | 222971 .35178 | 22479] .35529 | 22661] .35878| 22844] .36225| .28028 

26 .34831 | .22300] .35184| 22482] .385535 | .22664) .35884] 22847] .36231| .23031 

27 .34837 | 22303] .35189| .22485] .35540] .22667— .35889] .22850] .36237| ,23034 

+ %719.34843 | .2230619.35195 | 22488 1 9.35546 | 1.22671 19.35895 | 1.22853 1 9.36243 | .23037 

29 .34848 | 22300 f .35201 | 22491 — .35552| .22694] .35901 |] .22857 1 .36248) .23040 

30 .34854 | £2312] 35207 | 22494] .35558 | 22677} .35907 | -22860] .36254; .23043 

$1 .34860 | 22316] .35213 | .22497] .35564| .22680]7 .35913| .228631 .36260| .23046 


+ 8'19.34866] .22318 | 9.35219 | 22500}. 9.35570 | 22683 19.35918 | .22866 1 9.36266 | .23049 
38 34872 | 223210 .35225 | 22503] .35575| 22686] .35924| 22869] 36271 


54 .34878 | .22324] .35230| .22506] .35581 | .22689 7 .35930 | .22872] .36277 

35 34884 | 223827 .35236 | .22608 7 .35587 | 22692] .35936 | .22875 7 .36283 
+ 9 19.34890 | .22330 9.35242 | .2251219.35593 | .22695 | 9.35942 | .22878 | 9.36289 

87 .34896 | 22333] .35248 | 22515] .35599 | .22698— .35947 | 22881] .36294 

38 .34901 |] . 

39 .34907 | 22340] .35260 | 22522] .35610 | 227047 .35959 | .22887] .36306 


22890 | 9.36312 
22893 | .36318 


+ 10 19.34913 | .22343 9.35266 | .2252519.35616 | .22767 | 9.35965 
41 34919 | 22346] .35271| .22528] .35622] .22710] .35971 
42 .34925 | 22349] .35277 | 22531] .35628| 22718] .35976| 22896] .36323 
48 .34931 | 222352] .35283 | 22534] .35634| 227167 .35982| .22889) .36329 

+ 11’ | 9.34937 | .22355 [9.35289 | .22537 1 9.35639 | 227191 9.35988 | .22902 | 9.36335 
45 .34943 | 22358) 35295 | 22540] .35645| 22722) .35994| 22805] .36341 
46 .34949 | 22361] .35301| 22543] .35651) .22725] .36000| .22908] 36346 
47 34954 | 222364] .35307 | 225467 .35657 | .22728] .36005| 22812] .36352 

+ 12’ 19.34960 | .2236719.35312 | 22549 1 9.35663 | .2273119.36011 | 22915 | 9.36358 


223361 35254] .225181 .35604| .22702] .35953| .228841 36300 


bet 
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49 .34966 | 22370] .35318) 22552] .35669| .22735§ .36017| .22918] .36364 
50 .34972 | 22373 .35324] 22555] .35674| 22738] .36023 | 22921] .36369 
51 .34978 | 223796] .35330 | 22558] .35680 | .22741§ .36029| 22924] .36375 
+ 13’ | 9.34984 | .22379 | 9.35336 | .22561 9.35686 | .2274419.36034 | .22927 | 9.36381 
58 .34990 | 22382] .35342| 22564) 35692 | 227471 .36040| .22930] .36387 
54 .34996 | .223885[ .35348 | 22567] .35698 | .22750] 36046) .22933] .36392 
55 30002 | .22388] .35353 | 22570] .35703 | .22753 | .36052 | 229364 .36398 
+ 14 19.35007 | 22391 1. 9.35359 | .22573 1 9.35709 | .22756 | 9.36058 | .22939 | 9.36404 
"57 .30013 | 22394] .35365 | 22576] .35715| 22759] .36063 | 22942) .36410 
58 .35019 | .22397 | .35371 | 22579] .35721 | 22762] .36069| 22945) .36415 
59 .35025 | «224007 .35377 | .22582] .35727 | 22765] .36075| 22848] .36421 
+ 15’ 19.35031 | .22403 |. 9.35383 | .22585 | 9.35733 | .22768 1 9.36081 | .22951 | 9.36427 
20h 14m 20h 13m 20h 1em 204 11m 20h 10m 


541524°—43-_45 


sh 590m 


57° 30’ 


Sh 51m 57° 45/ 


Sh 52m 58° 0 


sh 53m 


58° 15 | Sh 54™ 58° 30 


Log. Hav.| Net. Dav4 Log. Hav.! Nat. Hav Log. Nav.| Nat. Hav] Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav 


23135 
273138 
o2314i 
o2a144 


020147 


9.36496 
36502 
.36508 
36013 


9.36519 | 2 


.36925 
36531 
.36536 
9.36542 
36548 
.36554 
.365909 


23150 
23153 
__ 23156 
23160 
20163 
23166 
.23169 
23172 
23175 
23578 
23181 


9.36565 


36571 
-36977 
* 36582 
9.36588 
36594 
36599 
36605 


9.36611 


36617 
36622 
| .36628 
9.36634 
36640 
36645 
36651 


9.36657. 


36663 
36668 
36674 


9.36680 10 


36686 
36691 
.36697 
9.36703 
.36708 
.36714 
36720 
9.36726 
| .36731 
.36737 
36743 
9.36749 
36754 
.36760 
.36766 
9.36772 


~ ,23307 1 9.37091 


20h gm 


023504 | 9.37455 


9.36772 | .23319 ] 9.37114 -23689 1 9.37794 | .23875 
36777 | .23322] .37120 37461 | .236921 .37800| .23878 
36783 | 23325] .37126 .37467 | 23695] .37806| .23881 
36789 | .23329] .37131 37472 | .236991 .37811| .23884 
9.36794 | .23332 | 9.37137 9.37478 | .2370219.37817 | .23887 
36800 | 23335] .37143 37484 | 23705] .37823| .23891 
36806 | .23338] .37148 .37489 | .23708] .37828| . 
86812 | .23341] .37154 37495 | .237411 37834 
9.36817 | .23344 | 9.37100 9.37501 | .237141 9.37840 
36823 | .23347] .37166 37506 | .23717] 37845 
36829 | 23350] .37171 37512 | .237201 .37851 
36834 | .23053$ .37177 .37518 | .237231 .37856 
9.36840 | 23356 | 9.37183 9.37523 | .237261 9.37862 
36846 | .23359] .37188 387529 | .237291 .37868 
36852 | 23362] .37194 37535 | 237331 37873 
36857 | 23365] .37200 )] .37540| .23736] 37879! . 
9.36863 | 23368 | 9.37205 9.37546 | .2373919.37885 | .23925 
36869 | -233724 .37211 87552 | 237421 .37890| .23928 
36875 | 23375 | .37217 87557 | 237451 .87896| .23931 
36880 | .23378 4 .37222 387563 | 237481 .37902| .23934 
9.36886 | 23381 | 9.37228 9.37569 | .2375149.37907| .23937 
36892 | .23384] .37234 387574 | 237541 .37913| .23940 
36897 | .23387 | .37239 37580 | 237571 .37918| .23943 
.36903 | .23390] .37245 .37585 |_ 23760] .37924| .23946 
9.36909 | .23393 | 9.37251 9.37591 | .2376416.37930 | .23950 
36915 | -23396] .37257 87597 | .23967 1 .37935| .23953 
36920 | .23399] .37262 .37602| 23770] .37941| 23956 
36926 | .23402} .37268 587] 37608 | .23778] .37947 | .23859 
9.36932 | 223405 | 9.37274 9.37614 | .2877619.37952 | .23962 
.36937 | 23409] .37279 37619 | .28779] 379358 
36943 | 234121 .37285 .37625 | .23782— .37963 
.36949 |_ 23415] .37291 .37631 | .23785 | .379C9 
9.36955 | -23418 | 9.37296 9.37636 | 23788 f 9.37975 
369607 23421] .37302 .37642 | .237911 .37980 
36966 | 234244 .37308 37648 | .237951 .37986 
86972 | 23427] .37313 _ 37653 | 23798} .37992 
9.36977 | 23430 | 9.37319 9.37659 | .23808 [9.37997 
36983 | 23433] .37325 .37605 | .23804] .3S003 
36989 | 234364 .37330 .37670 | .23807] .38008 
36995 | .23439] .37336 _.87676 |_.23810] .38014 
9.37000 | 23442 | 9.37342 9.37682 | .23813 f 9.35020 
37006 | 23445] .37347 .37687 | .23816] .38025 
37012 | .23449!1 .37353 .37693 | .23819]} .38031 
.37017 | 28452] .37359 87699 | 238224 .3S037 
9.37023 , «23455 | 9.37304 9.37704 | 23825 19.38042 
37029 | .23458] .37370 37710 | .23829 .38048 
37034 | .23461] .37376 37715 | .23832 .38053 
37040 | .23464] .37382 37721 | .23835 1.38059 
9.37046 | .23467 | 9.37387 9.37727 | .23838 | 9.38065 
37052 | 23470] .37393 | .37732| .238411 .38070 
37057 | .23473] .37399 37738 | .23844] .38076 
37063 | .23476] .37404 Gi] .37744| .23847} .3S081 
9.37069 | .23479 | 9.37410 9.37749 | .23850 | 9.38087 
37074 | 23482] .37416 .37755 | 0238531 .38093 
.37080| .23486) .37421 37761 | .23856 1 .38098 
37086 | .23489] .37427 .37766 | .23860] .38104 
323492 ) 9.37433 9.37772 | .23863 | 9.38110 
1 .87097 | .23495] .37438 37778 | 23866] .38115 
37103 | .23498] .37444 37783 | 23869] .38121 
37109 | .23601] .37450 37789 | .23872] .38126 
9.27114 | 223504 | 9.37455 | .23689 1 9.37794 | .23878 | 9.38132 
20h gm 20h ym 20h 6m 20h 5m 
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Sh 59™ 59° 45/ 


9.39465 
.39470 
39476 
39481 


9.39487 


39492 
39498 
.39503 
9.39509 
39514 
39520 
39525 


9.39531 


9.39575 


.39580 
39586 
39591 
9.39597 
.39602 
.39608 
.39613 
9.39619 
39624 
39630 
39635 


9.39641 


39646 
39652 
39657 


9.39663 


39668 
39674 
39679 


9.39685 | 2 


39690 
39695 
39701 
9.39706 
39712 
39717 
39723 


9.39728 


39734 
39739 
39745 


.39756 
39761 
.39767 
9.39772 
39778 
39783 
39789 


9.39794 | of 


9.39750 


TABLE 34. 
Haversines. 

Sh 55™ 58° 45’ Sh 56™ 59° 0 Sh 57m 59° 15 Sh 58m 59° 3Y 

8 Log. Hav.|Nat. Hav.] Log. Hav.) Nat. Hav.} Log. Hav.' Nat. Hav.| Log. Hav.|Nat. Hav. Log. Hav. |Nat, Hav. 
0 9.38132 | .2406119.38468 | .2424819.38802 | .24435 9.39134 | .24623 
1 .38138 | 24064] .38473| .24251] .38807| 244381 .39140| 24626 
2 38143 | 24068] .38479] .24254] .38813| 24442] .39145| .24629 
8 38149 | 24071] .38485| 242571 .38819| .244451 .39151)| 24632 
+ 2 9.38154 | .2407419.38490} .2426119.38824| .2444819.39156 | .24636 
5 .38160 | 24097] .38496 | .24264] .38830| .24451]1 .39162| .24639 
6 .38166 | 240809 .38501; .24267] .38835/| .24454] 39167) 24642 
7 .38171 | 24083] .38507| .24270] .38841|) .244579§ .389173] .24645 
+ 9.38177 | .24086 | 9.38512 | .2427319.38846 | .24460]9.39178 | .24648 
9 .38182 | 24089 .38518! .242761 .38852| .244631 .39184| .24651 
10 .38188 | 2409828 .38524| 24278] .38857 | .24467]7 .39189| .24654 
11 .981941 240967 .38529| .24282] .38863| 24497017 .39195/] .24658 
“+ 87 $9.38199 | .24099 | 9.38535 | .24286 1 9.38868 | .244731] 9.39201 | .24661 
18 .38205 | 241027 . 24289 | .38874| 244761 .39206]| .24664 
14 38210] 241057 .38546| .24292]1 .38880| 24499] .39212| .24667 
15 98216] 241087 .38551| .24295] .38885| .24482]5 .39217] .24670 
+ 47 99.38222 | .24111 9.38557 | .2429819.38891 | .24485 [9.39223 | .24673 
17 38227 | 24114] .38563 | .24301] .38896| .24488] .39228| .24676 
18 .38233 | 24117] .38568! .24304]7 .38902| .24492]1 .39234: .24680 
19 .38239 | .24120] .38574| 243071 .38907| .244951 .39239| .24683 
+ 8’ 19.38244| .2412479.38579 | .2431019.58913 | .24498179.39245| .24686 
21 38200 | 24127) .38585] 24314] .38918] .24501] .39250| .24689 
22 .38255 | 241307 .38590| .24317] .38924| .24504]7 .39256| .24692 
23 _-88261 | .24133] .38596 | 24320] 38929) 245079 .39261 | .24695 
+ 6’ [9.38267 | .2413619.38602 | .2432319.38935 | .2451019.39267 | .24898 
25 38272 | eehl39F .38607 | .24326] .38941] .24514]9 .39272| .24701 
26 38278 | 241424 .38613 | 243297 .38946] 24517] .39278| .24705 
27 30283 | 24145] .38618 | .24332] .38952| .245209 .39283| .24708 
+ VW 19.38289] .24148 1 9.38624 | .2433519.38957 | .2452319.39289 | .24711 
29 38290 | eR41524 .38629| .24339 5 .38963 | .245269 .39294| 24714 
50 .38300 | .24155] .38635| .24342] .38968 | .24529§ .39300| .24717 
$1 .38306 | 241587 .38641| .24345§ .38974] .245329 .39305| .24720 
8’ [9.38311 | .24161] 9.38646 | .2434819.38979| .2453519.39311| .24723 
$8 38317 | .24164] .28652| .24351 1 .38985| .2453997 .39316| .24727 
84 28322 | 24167] .38657| .24354] .38990] 24542] .39322] .24730 
85 38328 | 241707 .38663 | .24357] .38996| .24545 9 .39327| .24733 
+ 9 19.38334| .2417319.38668 | .2436019.39002| .2454819.39333 | .24736 
37 38339 | 241963 .38674| .24364) .39007] .24551] .39338} .24739 
38 38345 | 24180] .38680} .243671 .39013| 24554] .39344/] .24742 
389 38350 | 24183} .38685| .24370] .39018 | .245574 .39349)] .24745 
+ 10 [9.38356 | .2418619.38691 | .2437319.39024| .2456019.39355 | .24749 
41 38362 | 241891 .38696| .24376] .39029| .24564 8 .39360| .24752 
42 38367 | 241921 .38702| 243799 .39035| 245679 .39366| .24755 
48 38373 | 24195] .38707 | .243829 .39040| .24570] 39371 | 24758 
+ 117 [9.38378 | .241981}9.38713| .2438519.39046 | .24573] 9.39377 | .2476! 
45 38384 | 24201} .38719| .243889 .39051| 245769 .39382] .24764 
46 .38390 | 242040 .38724| 243929 .39057) 245799 39388] .24767 
47 38395 _ A208 fF .38730) 24395] .39062 | 24582) .39393 | 24770 
+ 12’19.38401| .2421199.38735 | .2439819.39068 | .2458619.39399 | .24774 
49 -38406 | .24214] .38741| .24401] .39073| .24589] .39404] .24797 
50 .38412 | 242177 .38746 | 244041 .39079| .24592] .39410|] .24780 
51 38418 | 24220] .38752| .244079 .39085| .245951 .39415] .24783 
+ 13’ | 9.38423 | .2422319.38757 | .2441019.39090 | .2459819.39421 | .24786 
58 .38429 | 242268 .38763| 24413, .39096 | 246011 .39426| .24789 
54 .38434 | 24220] .38769 | .2441717 .39101 | .246049 .39432] .24792 
55 .38440 | 24233 — .38774| .244207 .39107 | .24607 1 .39457] .24796 
14” 19.38445 | .2423619.38780 | .2442319.39112| .2461119.39443| .24799 
57 38451] 242399 .38785} .24426] .39118| .24614) .39448/] .24802 
58 38457 | 242429 .38791| .244291 .39123] .246171 .39454] .24805 
59 | 38462 24245 5 38796) .24432 __ 39129 | .246207 .39459 | .24808 
+ 19 [9.38468 | .2424819.38802 | .24435 1 9.39134 | .2462319.39465| .24811 

26h 4m 20h gm 20h em 20h 1m 


20h om 


CO] s 2@ Co 1 0 «2 60| «© 


4h 0m 00° @ 
Log. Hav.|Nat. Hav. 


4h 1m 00° 15 4h 2m 60° 30 4h $™ 60° 45/ 
Log. Hav.|Nat. Hav.} Log. Hav.|Nat. Hav.{ Log.Hav. 


Se Hor 


9.39794 | .2500019.40121 | .251891 9.40447 | .25379 
.39799 | .25003§ .40127| .251921 .40453| .25882 
39805 | .25003) .40132| .251951 .40458| .25885 
.39810 | .250097 .40138| .25199] .40463| .25888 
9.39816 | .2501319.40143 | .2520219.40469 | .25391 
.39821 | .250161 .40149| .252051 .40474| .25305 
.39827 | .250199 .40154| .25208] .40480| .25898 
.39832 | .250224 .40159| .25241]7 .40485| .25401 
9.39838 | .2602519.40165 | .2521419.40490 | .25404 
39843 | .250281 .40170| .25218] .40496| .25407 
.39849 | .250821 .40176| .25221] 40501} .25410 
39854 | .25035 .40181| .2522417 .40507| .25414 
9.39860 | .2603819.40187 | .2522719.40512 | .25417 
39865 | .25041] .40192 | .252309 .40518| .25420 
.39871 | .25044 1 .40198| .252383] .40523| .25428 
.39876 | .25047,1 .40203| .25237]7 .40528 | .25426 
9.39881 | .25050 [9.40208 | .2524019.40534| .25429 m 
39887 | .250541 .40214| .252431 .40539| .25488 - 
39892 | .250571 .40219| .252461 .40545| .25436 3 
39898 | .25060] .40225| .252491 .40550| .25489 ‘ 
9.39903 | .26063 | 9.40230 | .2525219.40555 | .25442 25632 
39909 | .25066— .40236| .252551 .40561| .25445 25626 
.39914 | .25069] .40241| .252591 .40566| .26448 -25639 
.39920 | .25072§ .40246| .25262] .405721 .25452 25642 
9.39925 | .26076 1 9.40252 | .2526519.40577 | .25455 25645 
.39931 | .250791 .40257| .252681 .40582| .25458 25648 
39936 | .25082 40588 | .25461 25651 
39942 40593 | .25464 : 
9.39947 9.40599 | .25467 
39952 40604 | .25471 25661 
39958 40609 | .25474 25664 
89963 40615 | .25477 25667 
9.39969 9.40620 | .25480 325671 
39974 40626 | .25483 25674 
39980 .40631 | .25487 25677 
39985 40636 | .25490 -25680 
9.39991 9.40642 | .25493 
.40647 | .25496 
.40653 | .25499 
40658 | .25502 
9.40663 | .25506 
.40669 | .25509 
40674 | .25512 
40680 | .25515 
9.40685 | .25518 
45 .40690 | .25521 
46 .40696 | .25525 
47 .40701 | .25528 
+ & 9.40707 | .26531 
49 .40712 | .25584 
50 40717 | 25537 
51 .40723 | .25540 
+ 13 9.40728 | .25544 
53 .40734 | .25547 
54 .40739 | .25550 
55 ‘ .40744 20558 
+ 9.40750 | .25556 
57 : ‘ .40755 | .25550 
58 F ; .40761 | .25563 
59 : .40766 | .25566] . 
+ 15 79.40121] .25189 9.40447 9.40771 | .26569 | 9.41094 
19h 59m 19h 58m 19h 57m 


60 
59 
58 
57 


RSRHSSAUVVVSAS 


4h 5m 61° 15/ 4h 6m 61° 80 4h 7™ 61° 45/ 


TABLE 34. 


Haversines. 


4h 8m 62° 
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4h om 62° 15/ 


-8 Log. Hav.] Nat. Havd Log. Hav.| Nat. Hav Log. Hav. Nat. Havd Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav 
0 9.41415 | .259511 9.41734 | .261421 9.42052 | .26334 9.42368 | .26526 1 9.42682 | .26719 
1 41420| 25954] .41739| .261 F i 228530 | .42688 | .26722 
2 41425] .25957— .41745 026533 | .42693 | .26726 
8 41431] .25960f .41750 026536 | .42698 | .26729 
+ 17 ]9.41436| .25963 [9.41755 026539 | 9.42703 | .26732 
6 41441} 25966) .41761 o26543] .42709| .26735 
6 41447 | 26970] .41766 26546 | .42714| .26739 
7 .41452 | .25973 7 .41771 026549 | .42719 | 26742 
+ 2% 19.41457| .25976 | 9.41776 026552 1 9.42724 | .26745 
9 41463 | 25979] .41782 028555 | .42730 | .26748 
10 41468 | .25982] .41787 026559] .42735 | .26751 
11 .41473 | 25986} .41792 026562 | .42740| .26755 
+ 9.41479 | .25989 | 9.41798 026565 | 9.42745 | .26758 
41484} .26992] .41803 o26568 | .42750| 26761 
41489 | .25995] .41808 o26571] .42756| .26764 
41495 | .25998] .41814 026575] .42761| 26768 
9.41500 | .26002 | 9.41819 026578 | 9.42766 | .26771 
41505 | .26005) .41824 o26581 | .42771| .26774 
41511] .26008] .41829 o26584 9 42777 | 26797 
41516} 26011] .41835 026587 | .42782| .26780 
9.41521} .26014 | 9.41840 026591 | 9.42787 | .26784] 40 
41527 | .26017) .41845 026594] .42792| .26787 
41532 | 260217 .41851 028597 | .42797 | 26790 
41537 | 260249 .41856 -26600 | .42803 | .26793 
9.41543 | .26027 | 9.41861 0276604 | 9.42808 | .26797 
-41548 | .26030] .41867 26607 | .42813 | .26800 
41553 | .26083f .41872 o26610] .42818 | .26803 
41559 26613] .42824| .26806 
9.41564 : 26616 1 9.42829 | .26809 
41569 . 026620} .42834| .26813 
41575 é 026623 | .42839 | .26816 
.41580 ; ~26626] .42844| .26819 
9.41585 . 026629 | 9.42850 | 26822 
.41590 : 026632 | .42855| .26826 
41596 : o26636 | .42860| .26826 
.41601 ; o26639 | .42865 | .26832 
9.41606 9.42242 | .26449 1 9.42557 | .2664219.42870| .26835 
41612 .42247| 26453] .42562| .26645] .42876) .26838 
41617 42252 | 26456] .42567| .26649] .42881) .26842 
41622 42257 | .26459] .42573| 26652) .42886) 26845 
9.41628 9.42263 | 26462 1 9.42578 | .26655 9.42891) .26848 
41633 42268 | .26405] .42583] .26658] .42897/| .26851 
41638 42273 | 26469] .42588 | .26661§ .42902| .26855 
41644 42278 | 264724 .42593 | .26665 f. .42907 | .26858 
9.41649 | .26091 1 9.41967 | .26283 19.42284 | 26475 19.42599 | .2666899.42912 | .26861 
41654 | .26094] .41972| .26286] .42289| .26478] .42604| .26671] .42917| .26864 
41660} .26097] .41978| 26289] .42294| 26481] 42609] .26674]) .42923| .26867 
| .41665| 26101] .41983 | .26292] .42300| .26485§ .42614| 26677 .42928 | .26871 
9.41670 | .2610419.41988 | .26296 | 9.42305 | .26488 1 9.42620 | 26681] 9.42933 | .26874 
41676 | .26107] .41994| .26299] .42310| .26491] 42625] .266849 .42938| .26877 
41681] 26110] .41999 | .26302] .42315| 264949 .42630] .26687] .42943| .26880 
41686 | 26113] .42004] .26305] .42321| .26498] .42635 | .26690] .42949 |- .26883 
9.41692 | .2611719.42009 | .26308 |. 9.42326 | .26501 | 9.42641 | .26694] 9.42954 | .26887 
41697 | .26120] .42015| 26312] .42331| .26504] .42646| .26697] .42959]| .26890 
41702 | 26123] .42020| .26315] .42336| .26507] .42651] .26700] .42964/] .26893 
41707 | .261269 .42025| .26318] .42342| .26510] .42656] 26703 .42969| .26896 
9.41713 | .2612919.42031 | .263211 9.42347 | .26514 | 9.42662 | .26706) 9.42975 | .26900 
42036 | 26324] .42352| .26517] .42667] .26710] .42980! .26903 
42041 | 26828) .42357| 26520] .42672| 26713] .42985| .26906 
42046 | 26331] .42363| .26523] .42677| 26716) .42990| .26909 
026142 | 9.42052 | .2633419.42368 | .26526 1 9.42682 | .26719] 9.42996 | .26913 
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8 Log. Hav 

0 9.42996 

1 .43001 

2 .43006 
8 .43011 
+ WV 1 9.43016 
§ -43022 
6 .43027 
7 .43032 
+ PB 4 9.43037 
9 -43042 
10 .43048 
11 .43053 
8 1 9.43058 

18 .43063 
14 .43068 
15 .43074 
4’ 1 9.43079 

17 .43084 
18 -43089 
19 -43094 
+ W& 7 9.43100 
21 .43105 
22 .43110 
ae 23 .43115 
@ 19.43120 

25 .43126 
26 43131 
__ 27 43136 
+ V §9.43141 
29 .43146 
380 43151 
$1 43157 
8 19.43162 

3S 43167 
34 43172 
85 43177 
+ 9 19.43183 
$7 -43188 
88 -43193 
89 .43198 
+ 19 [9.43203 
41 .43209 
42 -43214 
43 .43219 
+ Lf’ 9.43224 
45 .43229 
46 43234 
47 43240 
+ 1% [9.43245 
49 .43250 
50 -43255 
51 .43260 
+ 19 | 9.43266 
58 .43271 
54 .43276 
55 .43281 
+ 14 9.43286 
57 43291 
58 .43297 
59 .43302 


Y | 9.43307 


.| Nat. Hav 


26913 
26916 
26919 
26922 


26925 
26938 


26951 
026955 
276958 
-26961 
26964 
26967 
76971 
26974 
026977 
276980 


26984 
-26987 
26990 
76993 
26996 
-2 4000 
27003 
-27 7006 


-274009 
24013 


22080 


027100 
0277103 


27106 


Log. Hav. 


9.43307 
43312 
.43317 
43323 

9.43328 
43333 
43338 
43343 

9.43348 
43354 
43359 
43364 

9.43369 
43374 
43380 
43385 

9.43390 
043395 
.43400 
.43405 

9.43411 
43416 
43421 
43426 

9.43431 


9.43473 
43478 
43483 
.43488 

9.43493 
.43498 
043504 
43509 

9.43514 
43519 
43524 
43529 

9.43535 
43540 
43545 
43550 

9.43555 
.43560 
43565 
43571 

9.43576 
43581 
43586 
43591 

9.43596 
43602 
.43607 
.43612 

9.43617 


oe 2o7 
024300 | 9.43926 


9.43617 
43622 
43627 
43632 

9.43638 
43643 
43648 
.43653 

9.43658 
.43663 
.43669 
43674 

9.43679 
.43684 
43689 
43694 

9.43699 
43705 
.43710 
43715 

9.43720 
43725 
.43730 
43730 

9.43741 
.43746 
43751 
43756 

9.43761 
43766 
43771 
43777 

9.43782 
.43787 
43792 
43797 

9.43802 
43807 
43813 
43818 

9.43823 
43828 
.43833 
43838 

9.43843 
43849 
43854 
-43859 

9.43864 
43869 
43874 
.43879 

9.43884 
43890 
43895 


.43900 | - 


9.43905 
43910 
.43915 
.43920 


074310 


oztal3 


027317 
024320 


19h 47m 


9.43926 
43931 
43936 
43941 

9.43946 
43951 
43956 
43961 

9.43967 
43972 
43977 
.43982 

9.43987 
43992 
043997 
-44002 

9.44008 
.44013 
.44018 
44023 

9.44028 
44033 
44038 
44043 

9.44043 
44054 
44059 
44064 

9.44069 
.44074 
44079 
.44084 

9.44089 
44095 
044100 
.44105 


9.44110 


027495 | 9.44232 
027498 | .44238 
27502] .44243 
022505 | 44248 
024508 | 9.44253 
e251] .44258 
024515] .44263 
o27518 | .44268 
027521 | 9.44273 
0215245 .44278 
022528 | .44283 
27531 | .44289 
o2d534 | 9.44294 
024537 .44299 
ort541§ 44304 
o2I544 4 .44309 
027547 | 9.44314 
027550] .44319 
ori554 7 144324 
022557 J .44329 
27560 | 9.44334 
024563 f .44340 
024567 | 144345 
o240704 44350 
024573 | 9.44355 
295767 .44360 
027580 | .44365 
027583 | .44370 
027586 | 9.44375 
024589 | = .44380 
022593] .44385 
-27596§ .44390 
024599 | 9.44396 
0276024 .44401 
o27606f .44406 
024608} .44411 


9.44538 
44543 
44548 
.44553 


9.44558 


44563 
44568 
.44573 


9.44579 


9.44822 


44827 
44832 
44837 


9.44842 


4h 15™ 63° 45/ 


19” 44m 


9.44842 


4h 16™ 64° 0 


27886 28081 
-27889 | .44847| .28085 
27892 | .44852 | .28088 
-27895 | .44857 | .28091 
27899 | 9.44862 | .28095 
27902 | .44867| .28098 
-27905 | .44872] .28101 
-27908 | .44877| .28104 
227912 | 9.44882 | .28108 
27915 | .44887| 28111 
279181 .44892| 28114 
27921 | .44898 | .28117 
327925 1 9.44903 | .28121 
0279281 .44908| .28124 
27931 1.44913] .28127 
27935 | .44918 | .28130 
027938 | 9.44923 | .28134 
e27941 1 44928] .28137 
-27944] .44933 | .28140 
-27948 1 .44938| .28144 
227951 | 9.44943 | .28147 
279541 .44948] .28150 
027957 | .44953 | .28153 
27961] .44958| .28157 
27964 | 9.44963 | .28160 
-27967 1 .44968 | .28163 
27970] .44973| .28166 
279741 .44978| .28170 
027977 | 9.44983 | .28173 
-27980] .44988| .28176 
-27983 | .44993| .28180 
27987] .44998| .28183 
227990 | 9.45003 | .28186 
27993} .45009| .28189 
27997 | .45014| .28193 
-28000 | .45019 | .28196 
-28003 | 9.45024 | .28199 
-28006 | .45029| .28202 
28010] .45034] .28206 
-28013] .45039 | .28209 
-28016 | 9.45044 | .28212 
-28019 | .45049| .28216 
280231 .45054| .28219 
-28026 | .45059| .28222 
28029 1 9.45064 | .28225 
028032 | .45069| .28229 
-28036 | .45074| .28232 
28039 | .45079| .28235 
228042 1 9.45084 | .28238 
«28046 | .45089| .28242 
228049 | .45094| .28245 
-28052 1 .45099] .28248 
028055 1 9.45104 | 28252 
28059 | .45109| .28255 
28062 | .45114| .28258 
-28065 ] .45119| .28261 
-28068 1 9.45124 | .28265 
28072 | .45129| .28268 
028075 | .45134| .28271 
228078] .45139| .28274 
28081 | 9.45144 | .28278 
19h 43m 


4h 17m GA° 18’ | 4h 18m 64° SY | 44 19™ 64° 45/ 


9.45745 


9.45144 28672 
45149 .45750 | .28675 
45155 .45755 | 28678 
.45160 .45760 | .28681 

9.45165 9.45765 | .28685 
.45170 .45770 | 28688 
45175 ; .45775 | 28691 
.45180 | .28301] .45481 | .28497% .45780 | .28695 

9.45185 | 28304 1 9.45486 | .2850119.45785 | .28698 
45190 | 28307} .45491 | .28504] .45790| .28701 
45195 | 28310] .45496 | .28507] .45795 | .28704 
45200 | 28314) 45501] 28511] .45800} .28708 

9.45205 | .28327 19.45506 | .2851419.45805 | 28711 
45210 | .28320] .45511 | .286517] .45810| .28714 
45215 | 28324] .45516 | .28520] .45815| .28718 
45220 | 28327] .45521 | .28524] .45820 | .28721 

9.45225 | .28330 1 9.45526 | £28527 1 9.45825 | .28724 
45230 | 28333] .45531 | 285309 .45830 | .28727 
A523E | 28337] .45536 | .28534] .45835 ) .28731 
45240 | .28340] .45541 | .28537 | .45840 | .28734 

9.45245 | .28343 1 9.45546 | .28540 1 9.45845 | .28737 
45250 | 28347 45551] .28543] .45850 | .28741 
45255 | .28350 9 .45556 | .28547] .45855 | .28744 
45260 | .28353f .45561 | -28550§ .45860 | .28747 

9.45265 | 28356 19.45566 | 28553 19.45865 | .28751 
45270 | .28360 9.45571] .28557] .45870| 28754 
45275 | 28363 .45576] .285609 .45875| .28757 
.45280 | .28366] .45581 | .28563 9 .45879 | .28760 

9.45285 | 28369 [9.45586 | .28566 | 9.45884 | .28764 
45290 | .28373 9 .45591 | .285709 45889 | .28767 
45295 | .28376 9 .45596 | .28573§ .45894 | .28770 
.45300 | .28379f .45601 |] .28576] .45899 | .28774 

9.45305 | .28383 1 9.45606 | .28580 49.45904 | .28777 
.45310 | .28386] .45610 | .28583] .45909 | .28780 
45315 | 28389 .45615| .28586§ .45914] 28783 
45320 | .28392 § .45620| .28589] .45919| .28787 

9.45325 | 28396 | 9.45625 | .28593 19.45924 | .28790 
.45330 | -28399 | .45630 | .28596] .45929 | .28793 
545335 | 284029 .45635 | .28599 9.45934] .28797 
.45340 | 28406} .45640| .28603] .45939 | .28800 

9.45345 | .28409 1 9.45645 | .28606 | 9.45944 | .28803 
.45350 | 28412] .45650| .28609] .45949| .28807 
.45355 | 28415] .45655 | 28612] .45954 | .28810 
.45360 | 28419 .45660 | .28616] .45959 | .28813 

9.45365 | 28422 1 9.45665 | .28619 | 9.45964 | .28816 
-45370 | 28425 | .45670 | 28622] .45969 | .28820 
45375 | 28429 .45675 | 28626] .45974 | .28823 
45380 | .28432] .45680] .28629] .45979 | .28826 

9.45385 | 28435 5 9.45685 | 28632 1 9.45984 | .28830 
45390 | 28438} .45690 | .28635] .45989 | .28833 
45395 | 284429 .45695 | 228639] .45994 | .28836 
.45400 | 28445] .45700| 28642] .45999 | .28839 

9.40405 | 28448 19.45705 | 28645 | 9.46004 | .28843 
45410 | 28451] .45710| .28649] .46009| .28846 
45415 | 28455} .45715| .286524 .46014| .28849 
45420 | 28458} .45720 | .28655] .46019 | .28853 

9.45426 | 2284611 9.45725 | .28658 | 9.46023 | .28856 
45431 | 284659 .45730| 28662] .46028 | .28859 
-45436 | 284689 .45735 | .28665] .46033 | .28863 
45441 | .28471 9 .45740| .28668§ .46038| .28866 

9.45446 | .28474 | 9.45745 | .28672 | 9.46043 | .28869 

19h 4¢m 19h 41m 19% 40m 


Page 308] TABLE 34. 


Haversines. 


4h 20m 65° 4h 21m 65° 18 4h 22m 65° SY | 4h 23m 65° 45/ 4h 24m 66° 
Log. Hav. | Nat. Hav. Log. Hav. | Nat. Hav. Log. Hav. | Nat. Hav. Log. Hav. | Nat. Hav. | Log. Hav. 8 


28869 | 9.46340 | .29067 | 9.46635 | .29265 | 9.46929 | .294641 9.47222] .29663 | 60 

46345 | 20070] .46640| .29269] .46934| .20467] .47227| .29666] 59 

46350 | .29074] .46645| .29272] .46939! .29471] .47231| .29070] 58 

46355 | .29077 | .46650| .29275] .46944| .20474| .47236| .29673] 57 

9.46063 | .28882 | 9.46360 | .29080 | 9.46655 | .29279 | 9.46949 | .29477| 9.47241 | .29676 | 56 
46068 .46365 | .29084] .46660| .29282] .46954] .2948i| .47246| .29680] 55 
46073 .46370 | .29087] .46665| .29285] .46959| .29484] .47251| .29683 | 54 
46078 46375 |_.29090| .46670| .29289] .46963| .29487] .47256| .29686 | 53 
9.46083 | .28896 | 9.46380 | .29093 | 9.46675 | .29292 | 9.46968 | .20491 | 9.47261 52 
46088 46384 | .29097| .46680| .29295] .46973| .29494] .47266 51 
.46093 46389 | .29100] .46684| .29298] .46978| 29497] .47270 50 
46098 46394 | 20103] .46689| .29302] .46983| .29501| .47275 49 
3909 | 9.46399 | .29107 | 9.46694 |" .29305 | 9.46988 | .29504 | 9.47280 48 

.46699 | .29308] .46993| .29607] .47285 47 

46704 | .29312] .46998] .29510] .47290 46 

46709 | .29315] .47003| .29514] .47295 45 

9.46714 | .29318 | 9.47007 | .29517 | 9.47300 44 

46719 | .29322] .47012] 29520] 47304 48 

46724 | .29325] .47017| .29524] .47309 42 

.46729 | .29328] .47022| 29527] .47314 41 

9.46733 | «29332 | 9.47027 | .20530 | 9.47319 40 

46738 | .29335] .47032| .29534] .47324 39 

46743 | .29338] .47037| .29537] .47329 38 

2B 46748 | .20341] .47042| .20540] 47334 $7 
9.46162 ~ 29146 | 9.46753 | .29345 | 9.47046 | .29644 | 9.47338 36 
46167 .46758| .29848] .47051| .29547] 47343 35 
46172 | .46763| .29851] .47056| .29550] .47348 34 
46177 .46768 | 29355] .47061| .29554] 47353 8S 
9.46182 | .28961 | 9. 9.46773 | .20358 | 9.47066 | .29567 | 9.47358 32 
46187 ; - 46778 | .29361] .47071| 29560} .47363 $1 
46192 : .46782 | 29365] .47076| .29564) .47367 30 
46197 46787 | .29368] .47081| .29567] .47372 29° 
9.46202 9.46792 | .29371 | 9.47085 | .29570) 9.47377 | .28770| 28 
46207 46797 | .29375] .47090| .28573] .47382 27 
46212 : 46802] 29878] .47095| .29577] .47387 26 
46217 .46807| 20881] .47100| .29580] .47392 25 
9.46222 9.46517 9.46812 | .29385 | 9.47105 | .29583 | 9.47397 24 
46226 46522 46817 | .29888] .47110| .29687] .47401 28 
46231 46527 46822 | .29891] .47115| .29590] .47406 22 
46236 46532]. 46827 | 29804] .47120| .29593] .47411 21 
9.46241 9.46537 | -29199 | 9.46831 | .29398 | 9.47124 | .29597 | 9.47416 20 
46246 46542 | 29202} .46836| 29401] .47129| .29600] .47421 19 
46251 46547 | 029206} .46841| 29404] .47134| 29603] .47426 18 
46256 46552 | 29209} .46846] 29408] .47139| 29607] .47431 17 
9.46261 9.46557 | 29212 | 9.46851 | 20411 | 9.47144 | .29610 | 9.47435 16 
46266 46562] .29216] .46856| .20414] .47149| .29613] .47440 15 
46271 46567 | .29219] .46861| .20418] .47154| .29617] .47445 14 
46276 46571 | 29222] .46866] .29421] .47159] .29620] .47450 18 
9.46281 7 [9.46576 | 29226 | 9.46871 | 204241 9.47163 | .29623 | 9.47455 12 
46286 46581] .29229] .46875| .29428] .47168| .29627] .47460 11 
46291 46586 | .29232] .46880| .29431] .47173| .29630] .47464 10 
46296 46591} .29236] .46885| .29434] .47178| .29633] .47469 9 
9.46301 9.46596 | .29239 | 9.46890 | .29438 | 9.47183 | .29637 | 9.47474 8 
46305 46601] .29242] .46895| .20441] .47188| .29040] .47479 7 
46310 46606 | .29245] .46900| .20444] .47193| .29643] .47484 6 
46315 AGGI1| .29249] .46905| .29447] .47197| .29647] .47489 5 
9.46616 | .29252 | 9.46910 | .29461 | 9.47202 | .29650 | 9.47493 4 

46621 | .29255] .46915| .29454] .47207| .29653] .47498 s 

.46626| .29259] .46919| .29457] .47212| .29657] .47503 2 

.46630 | 29262] .46924] .29461| .47217 | _.29660] .47508 1 

-20067 | 9.46635 | .29265 | 9.46929 | .20464 | 9.47222 | .29663 | 9.47513 0 


19h ggm 19h s7m 19h g6m 19h 5m 


——. 


—_——— ———— ees 


VA& [Coteus | a 


4h 25m 06° 13 | 4) 26™ 66° 30’ 
Log. Hav.) Nat. Hav4 Log. Hav. 


9.47513 | 28863 | 9.47803 
or0866T . 


9.47918 
47923 
47928 
47933 

9.47937 
47942 


9.47957 
47961 
47966 
47971 

9.47976 
47981 
47985 
47990 

9.47995 
-48000 
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8 
0 
1 48953 
2 48957 
3 48962 
7 19.48967 
5 48971 
6 48976 
7 48981 
+ 2% 19.48986 
9 48990 
10 48995 
11 .49000 
+ 87 [9.49004 
13 49009 
14 49014 
15 49019 
+ 4&7 9.49023 
17 49028 
18 49033 
19 49038 
+ 8 19.49042 
21 49047 
22 49052 
28 49056 
+ 0 19.49061 
265 49066 
26 49071 
27 49075 
+ 9 19.49080 
29 .49085 
30 .49089 
$1 49094 
+ 8’ | 9.49099 
33 49104 
34 49108 
$5 49113 
+ 9 19.49118 
$7 49122 
$8 49127 
39 49132 
+ 10 | 9.49137 
41 49141 
42 49146 
48 49151 
+ i 9.49155 
45 49160 
46 49165 
47 49170 
+ 127 9.49174 
49 49179 
50 49184 
51 49188 
+ 13’ [9.49193 
58 .49198 
54 49202 
55 49207 
14” 9.49212 
57 49217 
58 49221 
59 49226 
+ i8’ [9.49231 


10h sm 


30869 
30873 
30876 
30879 
30883 
30886 
-30889 
30893 


-31068 


49235 
49240 
49245 
9.49250 
49254 
49259 
.49264 


9.49268 
49273 
49278 
49282 


9.49287 
49292 
.49297 
.49301 

9.49306 
49311 
49315 
49320 

9.49325 
49329 
49334 
.49339 


9.49344 
.49348 
.49353 
49358 


9.49362 
49367 
49372 
.49376 

9.49381 
49386 
.49390 
49395 

9.49400 
-49405 
49409 
49414 

9.49419 
49423 
49428 
49433 

9.49437 
49442 
49447 
49451 

9.49456 
49461 
49465 
.49470 

9.49475 
49480 
49484 
.49489 

9.49494 
.49498 
.49503 
49508 


9.49512 


TABLE 34. 


Haversines, 


4h som er? se” | 4hs1m 67° 45/ | 41 32m 68° 0 42 54m 68° 39/ 


Log. Hav.| Nat. Hav4 Log. Hav 
9.48948 | .80866 | 9.49231 


31068 | 9.49512 | 31270 
31071] 49517 | .31273 
31074} 49522 | .31276 
31028} .49526 | _.31280 
-31081 | 9.49531 | .31283 
31084] .49536 | .81287 
31088] 49540] .31290 
31091} .49545 |_.31293 
31095 | 9.49550 | .31297 
31098 | .49554 | .31300 
31101} .49559 | 31303 
31105 | .49564| 31307 
31108 | 9.49568 | .31310 
31111} .49573 | .31314 
31115 | .49578 | .31317 
31118 | .49583 | _.81320 
31121 | 9.49587 | 31324 
31125 | .49592 | .31327 
231128 | .49597 | .31330 
31132 | .49601| .31334 
81135 | 9.49606 | _.31337 
31138 | .49611| .31341 
31142] 49615 | .31344 
31145 | .49620| 31347 
-31148 | 9.49625 | .31361 
31152] .49629| .31354 
231155} .49634 | .31357 
31158] .49639 |_.81361 
-31162 [9.49643 | .31364 
31165] .49648 | .31367 
31169 | 49653 | .31371 
81172] .49657| .81374 
~ 81175 | 9.49662 | .31378 
31179 | .49667 | .31381 
31182} .49671| .31384 
81185 | .49676 | .31388 
-31189 | 9.49681 | .31391 
31192 | .49685 | .31394 
031196 | .49690 | .31398 
-31199 | .49¢95 |_.81401 
81202 | 9.49699 | 31405 
31206 | .49704 | .31408 
31209] .49709| 31411 
81212] .49713| .31415 
31216 | 9.49718 | .31418 
31219 | .49723| .31421 
31222] 49727 | .31425 
31226] 49732 | 31428 
31229 | 9.49737 | .31432 
31233 | 49741 | .31435 
31236 | .49746 | .31438 
31239 | 49751 | .31442 
31243 | 9.49755 | 31445 
31246] .497C0| .31448 
31249] .49765| .31452 
81253] 49769 | 81455 
1256 | 9.49774 | 31459 
31260] .49779 | .31462 
81263] 49783 | 31465 | 
31266] .49788 | .31469 
31270 | 9.49793 | 31472 
19h ¢7m 


.| Nat. Havd Log. Hav.| Nat. Havd Log. Hav.) Nat. Hav Log. Hav.| Nat. Hava 6 


9.49793 | .81472 | 9.50072 60 
49797 | 81495} .50076 59 
49802 | .31479 58 
49807 | .31482 57 
9.49811 | .81486 56 
49816 | 81489 55 
49821 | 81492 54 
49825 | .31496 58 
9.49830 | .81499 62 
49835 | .31503 61 
49839 | .81506 50 
49844 | .31509 49 
9.49849 | 81513 48 
49853 | .31516 47 
49858 | .31519 46 
49862 | .31523 45 
9.40867 | 315261 9. 44 
49872 | .31530[ 48 
46876 | .31533] . 42 
49881 | .81536] . 41 
9.49886 | .31540 | 9.50164 40 
49890 | .81543] .50169 39 
49895 | .31546] .50174 38 
49900 | .815504 .50178 87 
9.49904 | .81553 | 9.50183 36 | 
49909 | .31557] .50187 35 
49914| .31560] .50192 34 
49918 | .81563} .50197 

9.49923 | 8167 | 9.50201 

49928 | .81570] .50206 

49932 | 81573] .50211 

49937 | .81577] .50215 

9.49942 | .81580 | 9.50220 

49946 | 81584] .50224 

49951 | 31587] .50229 

49956 | .81590} .50234 

9.49960 | .81594 | 9.50238 

49965 | .81597| .50243 

49969 | 81601] .50248 

49974 | .81604] .50252 
9.49979 | .81607 | 9.50257 

49983 | .81611] .50261 

49988 | 81614] .50266 

49993 | .81617] .50271 

9.49997 | 81621 | 9.50275 

50002 | .81624] .50280 

.50007 | .81628] .50284 

50011} .31631] 50289 

9.50016 | 81634 | 9.50294 

50021 | .31638| .50298 

50025 | .81641] .50303 

50030 | .81644] .50308 

9.50034 | .31648 | 9.50312 

50039 | .81651] .50317 

50044 | .31655] .50322 

50048 | .81658} .50326 
9.50053 | .31661 | 9.50331 

50058 | .81665} .50335 

.50062 | .81668} .50340 

50067 | .81672] .50345 
9.50072 | 81675 | 9.50349 

19h 26m 1 


‘TABLE 34. [Page $11 


Haversines. 


Sh $5™ 68° 45/ | 42 SEM EO° OD | 44 57 69° 15’ | 44 38m 69° 30’ | 44 59m 69° 45/ 


8 Log. Hav.| Nat. Havd Log. Hav.! Nat. Hav] Log. Hav.) Nat. Havd Log. Hav.| Nat. Hav4j Log. Hav. 8 
0 9.50349] .3187819.50626 | .$208219.50901 | .32285 9.51174 | .$2490 1 9.51447 60 
1 .50354| 31881] .50630! .82085] .50905] .$2289— .51179| 82490) .51452 59 
2 .50358 | 818857 .50635 | .8$2088} .50910| .822031 .51184] .32406] .51456 58 
8 .50363 | 318887 .50639/ .32092] .50914/ .32296] .51188 51461 57 
1” [9.50368 | .31892 19.50644 | .32006179.50919 | .322991 9.51193 9.51465 56 
r) 50372] 31895} .50649| .820999 .50924/] .32302] .51197 .51470 55 
6 50277 | 81898] .50653| .321027 .50928| .32306] .51202 51474 54 
7 50382 | 81902] .50658 | 82105] .50933 | 82808] .51206 51479 58 
9.50386 | 81905 19.50662 | .$210919.50937 | 323131 9.51211 9.51483 52 
9 : 61215 51488 51 
10 .51220 51492 50 
11 561225 51497 49 
5 9.51229 9.51501 48 
13 51234 .51506 47 
14 51238 51510 46 
15 51243 61515 45 
+ 4 9.51247 9.51519 44 
17 61252 61524 48 
18 51256 61529 42 
19 51261 51533 41 
3 9.51265 9.51538 40 
21 .51270 51542 89 
£2 51275 .51547 88 
28 61279 51551 $7 
6 79.50460 | .3195919.50736 | .3216379.51010| .32367 1 9.51284 9.51556 
25 50465 | 81963] .50740| .32206] .51015] .3237@] .51288 51560 
26 50469 | 819667 .50745| .82170] .51019] .32374] .51293 51565 
27 50474 | 81970] .50750| .821739 .51024] 32377] .51297 51569 
+ 7719.50478| .3197319.50754 | .32197779.51029 | .3238119.51302 9.51574 | .32790 
29 50483 | 8197698 .50759| 32180] .51033/ 323847 .51306 51578 
$0 50488 | .81980% .50763| .321834 .51038] .32388] .51311 51583 | 32797 
$1 50492 | .31983] .50768| 32187] .51042] .32391] .51315 51587 
+ 8& 19.50497 | .3198719.50772 | .3219019.51047 | .32394 [9.51320 9.51592 
88 50501 | .31990] .50777| .82194) .51051] 32398] 51325 51596 
34 50506 | .81993} .50782] 32197] .51056| 8240117 .51329 51601 


51605 
9.51610 
51614 
51619 
.51623 
9.51628 


35 560511 | 31997] .50786 | 822007 .51061] 324054 .51334 
+ 8 §9.50515| .3200019.50791 | .3220419.51065| 32408 | 9.51338 
87 00520 | 320047 .50795| $2207) .51070) 2411] .51343 
88 50524 | 32007] .50800] .32221] .51074| B2415] .51347 
39 50529 | .320109 .50805| $2214] .51079| 2418] .51352 
+ 10 [9.50534 | .3201419.50809 | .32217] 9.51083 | 324221 9.51356 


41 | 50538) .32017] .50814] .32221] .51088| .32425] 51361 51633 
42 | 50543] 32021] .50218 | .32224] .51092| .32428] .51365 51637 
43 | .50547| .32024] 50823] .32228] .51097| .32432] .51370 51642 
ii” [9.50552 | .32027 | 9.50827 | 32231 [9.51102 | .32435 | 9.51374 9.51646 | .32044 
45 | .50557} .32031} .50832| .32235[ .51106| .32438] .51379 51651 | .32848 
46 | .50561} .32034] .50837| .32238] .51111| .32e42] 51384 51655 | .32851 
47} 50566} .32037] 50841} .32241] .51115| .32445] 151388 51660 | .82855 
+ 9.50570 | 32041 | 9.50846 | 32245 | 9.51120 | .32449 | 9.51393 | .82653 | 9.51664 
49 50575 | 32044} .50850| .32248] .51124| .82452] .51397| .32657] .51669| .32861 
60 | .50580| .32048] .50855| .32251] .51129| .32456] .51402| .82660] .51673| .32868 
61 | .50584| .32051] .50860| .82255| .51133| .82459] .51406| .32663] .51678| .32868 
+ 137 [9.50589 | .32054 | 9.50864 | .32258 | 9.51138 | .32462 | 9.51411 | .32667 | 9.51682 | .32872 
63 | 50593] .32058] .50869| .32262] .51143| .32466] .51415| .32670] .51687 
64 | .50598| .82061] .50873| .32265] .51147| .32469] .51420| .32674] .51691 
65 | .50603} 32065] .50878} .32268] .51152| .32473] .51424| .32677] .51696 
+ 147 1 9.50607 | 32068 | 9.50882 | 32272 | 9.51156 | 32476] 9.51429 | .32681 | 9.51700 
67 |} .50612| .32071] .50887| .32275] .51161| .32479] .51433| .32684] .51705 
68 | .50616| 32075] .50392| .32279] .51165| 32483] .51438| .32687] .51709 
69 | .50621| .32078] .50896| 32282] .51170| 32486] .51442| .32601] 51714 


+ 18’ 9.50626 | .3208219.50901 | .32285 9.51174 | 324905 9.51447 | .3269419.51718 | .32899 


19h g4m 19h 25m 19h gem 19h 21m 19h 20m 


TABLE 34. 


Page 312] 
Haversines. 
Din w | aww | eaee 


8 caelee Hav Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav 
0 9.51718 33164 1 9.52257 | .88310 1 9.52525 
1 .61723 62261 
2 .51727 .52266 
8 .561732 .52270 
+ YY }9.51736 9.52275 
5 51741 .562279 
6 .61745 .52284 
7 .01750 .62288 
Y §9.51754 9.52293 
9 .01759 .52297 
10 .51763 .62302 
11 .51768 .52306 
+ & 19.51772 9.52311 9.52578 
13 -51777 .62315 .62582 
14 -01781 52320 .62587 
15 .51786 §2324 .62591 
4’ 19.51790 9.52328 | 83365 1 9.52596 
17 -51795 52333 | 838687 . 
18 .51799 52337 | 83371 
19 .51804 52342 | 83375 
+ 8 19.51808 9.52346 | .33378 
21 .51813 .52351 | 83382 
22 .51817 .52355 | 83385 
23 .51822 .62360 | 83389 
@ 19.51826 9.52364 | 33392 
25 51831 .52369 | 83385 
26 51835 .52373 | 83330 
27 51840 .52378 | &3402 
+ 7719.51844 | .32095 1 9.52114] .83200 | 9.52382 
29 51849] .829987% .52118] 882031 .52386 
$0 .51853 | 1.830028 .521281 .8820717 .52391 
$1 .51858 | .83005§ .52127/ .832101 .52395 
8 19.51862 | .33008 19.52132 1 .3321419.52400 
33 51867 | 830127 .52136] 83217 52404 
$4 .51871 | 830157 .52141 | 382214 .52409 
85 .51876 | 830197 .52145| 832247 .52413 
+ 9 19.51880 | .33022 [9.52150 | .8322719.52418 
87 51885 | 830250 .52154] 8323141 .52422 
88 51889 | 330294 .52159| 332349 .52427 
$9 51894] 8303297 .52163) .3832387 .52431 
+ 107 [9.51898 | .33036 1 9.52168 | 332411 9.52436 
41 .01903 | 330397 .52172 | 332459 .52440 
42 .01907 | 88043] .52177] 832489 .52444 
48 .51912 | .830467 .52181] 832519 .52449 
+ 117 [9.51916 | .33049 [9.52185 | .33255 | 9.52453 9.52720 
45 .01921 | 83053] .52190] 832584 .52458 .52724 
46 .51925 | 838056] .52194| 8332624 .52462 .02729 
47 .01930 | .33060 52199 | 832651 .52467 .62733 
+ 127 (9.51934 | .33063 | 9.52203 | _-33269 | 9.52471 9.52738 
49 01939 | 3830677 .52208| 832721 .52476 .52742 
50 .01943 | 83070] .52212| 832754 .52480 .52747 
$1 .51948 | .d3073] .52217| 832797 .52484 2751 
+ 137 [9.51952 | 33077 1 9.52221 | .33282 [9.524890 9.52755 
53 .01957 | 1.830809 .52226| 33286 F .52493 .62760 
54 .01961 | 830844 .52230;] 832891 .52498 .52764 
55 .O1966 | 830877 .52235| 332937 .52502 .02769 
+ 14 [9.51970 | .33090 | 9.52239 | .33296 | 9.52507 9.52773 
57 .51975 | 830941 .52244! .332908 .52511 .02778 
58 .51979 | 83097] .52248| 38330387 .52516 .02782 
59 .51984| 88107 .52253| 883069 52520 .02786 
5’ 89.51988 | .8310419.52257 | .3331099.52525! .33515 1 9.52791 
19h 18m 19h 17m 


9.53249 
53254 
03208 
53263 

9.53267 
63271 
.53276 
53280 

9.53285 
53289 
53293 
53298 

9.53302 


9.53565 
.53069 
03074 
53078 


34135 | 9.53582 


19h 14m 19h 13m 


9.53774 
53778 
.53783 | | 
.53787 

9.53792 
53796 


53813 


EEE HEEL 


EEE 


SEES SLEE SSCS EERE CER EGUU CEES SEECEDEE 


9.53896 


[Page 818 


aaa 


43 
+ it 
45 
46 
47 
+ 1% 
49 
50 
51 
13 
53 
54 
55 
+ 
57 
58 
59 


~ 


35110 
30114 
035117 
351271 
35174 
035128 
35131 
35135 
39138 
035142 
30145 
35149 
35152 
30156 
030159 
35162 
35166 
35169 
35173 


19h gm 


9.54758 
04762 
04766 
04771 

9.54775 
04779 
54784 
54788 


9.54792 


54796 
54801 
54805 
9.54809 
54813 
04818 
54822 
9.54826 
54831 
54835 
54839 
9.54843 
54848 
04852 
54856 
9.54860 
54865 
04869 
04873 
9.54878 


TABLE 34. 


Haversines. 


35173 
35176 
35180 
35183 
35187 
-35190 
35194 
35197 
230201 
35204 
35208 
dor it 


35215 


aonl8 i . 


Ad d222 
35225 
035228 
35232 
35235 
35239 
odd 242 
odd 246 
35249 
35253 
35256 
35260 
35263 
035267 
35270 
35274 


9.54878 
04882 
54886 
54890 

9.54895 
54899 
54903 
54907 

9.54912 


9.54963 
04967 
04971 

| 54976 

9.54980 
04984 
.64988 
.54993 

9.54997 
00001 
.55005 
.55010 

9.50014 
.59018 
.00022 
.00027 

9.55031 
.00035 
.55039 
.00044 


9.55048 | .35521 


55052 
55057 
.50061 
9.55065 
00069 
.50074 
09078 
9.55082 
00086 
00091 
00095 
9.55099 
.59103 
50108 
50112 
9.55116 
00120 


35381 
35385 


30486 
Bisetced 
039493 
35496 
-35500 
30003 
35507 
35510 
35514 
035517 


35524 
035528 
35531 


oda0d4 


033590 


19h 7m 


9.55133 
55137 
55142 
.00146 


9.55150 
50154 
55159 
.55163 


9.55167] 3 


55171 
50176 
.55180 
9.55184 
50188 
55192 
50197 


9.55201 | od 


59205 
.55209 
.55214 


9.55218 


00222 
.00226 
_.55231, 
9.55235 
.50239 
00243 
00248 
9.55252 
.00206 
.00260 
.00265 
9.55269 
027d 
00277 
00282 
9.55286 
.00290 
.05294 
.00298 
9.55303 
.00307 
.00311 
00315 
9.55320 
00024 
00328 
00332 
9.55337 
.09341 
.00349 
.00349 
9.59354 
.50308 


9.55387 


30663 
-35667 
35670 
30674 
35677 
30681 
30684 
30688 
35691 
35695 
39698 
033702 
35705 
35709 
035712 


035799 


19h 6m 


.50468 


9.55506 
55510 
65514 
50018 

9.55523 
55027 
50031 
.50030 

9.55539 


0002 
9.55556 
00061 
.00069 
/ -55569 
9.55573 
.00577 
.50582 
.55986 


9.55590 | 3! 


00094 
.50098 
.59603 
9.55607 
55611 
55615 
.59620 
9.55624 


ef cme ee Beef ee 8 | 


9.55041 


19h 5™ 


slheataenslsseglerag|ssse |e 


am eee ree, 


36012 
-36016 
-36019 
36023 
36026 


55712 


9.55742 
-50746 
55750 
.00704 


9.55758 
55763 
59767 
50771 

9.55775 
59779 
.50784 
59788 

9.55792 
50796 
55800 
50805 

9.55809 
00813 
55817 
55821 


9.55859 
55863 
50867 
50872 


im 9.55976 


, 36218 


36218 
36222 


55897 
50901 
50905 


9.55909 
55914 
55918 
59922 

9.55926 
-55930 
.59935 
55939 

9.55943 
50947 
050951 
.55955 

9.55960 
55964 
55968 
59972 


.50981 
.50985 
.55989 
9.65993 
.00997 
.56001 
_ -56006 
9.56010 
.56014 
.06018 


9.56077 
56081 
.56085 
-56089 

9.56093 
56098 
56102 
56106 

9.56110 
.56114 
.56118 
.56123 

9.56127 
06131 
.56135 


36407 
-36410 
36414 
36417 
364271 

56139 | 36424 

9.56144 | 36428 


19h gm 


36428 
36431 
36435 


9.56144 
56148 
06152 
.06156 

9.56160 
.06164 
.56169 
.56173 

9.56177 
.56181 
.66185 
.56189 

9.56194 
.56198 
.56202 
.56206 

9.56210 
.66214 
.66219 
.06223 

9.56227 
.56231 
.56235 
.56239 

9.56244 
-56248 
.56252 
.06256 

9.56260 
.56264 
.56269 
.56273 

9.56277 
.56281 
.66285 
.56289 

9.56294 
.56298 
-56302 

_ -56306 

9.56310 
.56314 
06318 
.56323 

9.56327 
06331 
.06335 
.66339 

9.56343 
.06348 
.66352 

156356 

9.56360 
.06364 
.06368 
.06373 


9.56377 
56381 
06385 
56389 | 36635 


9.56393 | .36638 
19h gm 


36607 
-36610 


9.56393 
06397 
-56402 
.06406 

9.56410 
.06414 
.66418 
.66422 

9.56426 
.06431 
.06435 
56439 

9.56443 
.06447 
.56451 

156456 

9.56460 
.56464 
.06468 
56472, 

9.56476 
.06480 
.56485 
.56489 


12 1 9.56493 


06497 
56501 
56505 
9.56509 
56514 
56518 
.56522 


9.56526 


.06530 
.56534 
.56538 
9.56543 
06047 
.06551 
.06555 
9.56559 
.06563 
.56567 
| 56572 
9.56576 
.56580 
.56584 
.56588 


9.56592 
56596 
.56601 
-56605 

9.56609 
56613 
-56617 
56621 

9.56625 
-56630 
06634 
56638 

9.56642 


36638 
38642 
36645 
_-30649 
036652 
038656 


036687 
36691 
238694 
236688 
36701 
36705 
036708 
036712 
036715 
036719 
036722 
038726 
036729 
036733 
036736 
236740 
036743 
036747 
036750 
036754 
036757 
36761 
36764 
236768 
036771 
_ 36715 
036778 


36845 
36848 


19h jm 


9.56642 
56646 
56650 

56654 

9.56658 
.06663 
.56667 
.06671 

9.56675 
-56679 


9.56692 
56696 
56700 
56/04 

9.56708 
56712 
56716 
56720 

9.56725 
56729 
.56733 
56737 

9.56741 
56745 
56749 
56753 

9.56758 
56762 
56766 
56770 

9.56774 
.56778 
56782 
56786 

9.56791 
56795 
56799 
56803 

9.56807 
56811 
56815 
56819 

9.56824 
56828 
56832 
56836 

9.56840 
56844 
56848 
56852 

9.56856 
56861 
56865 
56869 

9.56873 
56877 
56881 
56885 

9.56889 


ISSS 


SPSSRSSSAG CLAS 


8 
7 
6 
& 
4 
8 
2 
1 
0 


5h Om 15° 5A tm 35° 15/ 5h om 15° 3Y 5h $m 75° 45/ 5h 4" 96° O 
8 Log. Hav.| Nat. Havi Log. Hav.) Nat. Havd Log. Hav.) Nat. Havd Log. Hav.) Nat. Hav4 Log. Hav.| Nat. Havg 8 
0 9.56889 | .37059 | 9.57136 | .3727019.57381 | .3748119.57625| .8769219.57868 | .37904) 60 
Z 56893 | 870639 .57140| .37273] .57385| 37485] .57629| 87686) .57872| 87907] 59 
2 56898 | 370669 .57144| 37277] .57389 | 37488 .57633| 87699] .57876| S79ill 58 
$ 56902 | .370707 .57148| 87280] .57393| .3874929 .57637| 87708) .57881| S7914] 57 
+ YW 19.56906| .3707319.57152 | .3728419.57397 | .37495 | 9.57642 56 
6 56910 | 87077] .57156| .37287] .57402| .837499] .57646 55 
6 .56914 | .87080] .57160| .87291] .57406| .37562] .57650 54 
7 .06918 | .37084]7 .57165| .37205] .57410| .37506) .57654 58 
+ @ 19.56922| .3708719.57169 | .3728819.57414 | .37509 | 9.57658 52 
9 56926 | .87091] .57173| .87302] .57418| .87513] .57662 51 
10 56931 | .87004] .57177 e37516) .57666 50 
11 56935 | .87098]} .57181 0375207 57670 49 
+ 37 [9.56939 | 37101 1 9.57185 037523 | 9.57674 48 
13 .56943 | .87105] .57189 e37527 f .57678 47 
14 56947 | 87108] .57193 37530] 57682 46 
15 56951 | .S71127 .57197 oSI53A FT .57686 45 
+ 4 19.56955| .37115 | 9.57201 037537 | 9.57690 44 
17 -56959 | .87119] .57205 oSI541 4) .57694 48 
18 56963 | 87122] .57210 1544] .57698 42 
19 06968 | 371267 .57214 37548 | .57702 41 
+ 37 1 9.56972 | .37129 1 9.57218 034551 1 9.57706 40 
21 56976 | 87133] .57222 037555] .67711 59 
£2 .56980 | 87136] .57226 375589 67715 $8 
23 .56984 | .87140] .57230 037562 .57719 57 
+ 9.56988 | .37143 | 9.57234 037566 | 9.57723 
26 06992 | .87147] .67238 037569 | 57727 
26 -56996 | .87150] .57242 0375739 .57731 
27 57000 | .37154] .57246 375964 .57735 7 
+ 9.57005 | .37157 1 9.57250 0372580 | 9.57739 | -3779119.57981 | 38003 
29 .57009 | 37161] .57255 -37583 | .57743| 377984) .57986| .38006 
$0 57013 | .87164]7 .57259 o37587 | .57747 | 37798] .57990| 38610 
$1 57017 | .87168] .57263 -37590— .57751| .878027 .57994| 38613 
+ 8& 19.57021| .37171 | 9.57267 037594 19.57755 | 1.37805 19.57998 | 380171 28 
88 07025 | 87175] .57271 -37597 | .57759 | 878097 .58002] 38620] 27 
34 57029 | 871797 .57275 037691 .57763| .878124 .58006) 38624 
$5 .57033 | .87182] .57279 37604] .57767| .37816] .58010| .38627 
+ 9 19.57037| .37186179.57283| 4 37608 19.57771 | 37819 19.58014] 38031 
$87 57042 | 871899 .57287 oSI611) .57775| -S7823] .58018| 38034 
$8 57046 | .87193 7 .57291 39615 | .57779| 37826] .58022| 38638 
389 .57050 | 871969 .57295 $7618] .57783 | .87830] .58026] 38042 
+ 10 |9.57054| .372001 9.57299 037622 1 9.57787 | 37833 19.58030 | 38045 
41 .57058 | 37203] .57304 037625] .57792 | .S7837— .58034| 38049 
42 07062 | 372077 .57308 o37629 1.57796 | 878401 .58038] 38052 
48 .57066 | 87210} .57312 376321 .57800| .87844) .58042] .38056 
+ 11’ 19.57070| .37214] 9.57316 237636 | 9.57804 | 1.37847 19.58046 | 38059 
45 57074 | 8792199 .57320, o37639f .57808 | 87851] .58050] 38063 
46 57078 | S224 .57324 37643 .57812| 378551 .58054| 38066 
47 .57083 | 872245 .57328 376471 .57816| 37858 .58058| .38070 
+ 9.57087 | .37228 | 9.57332 9.57577 | 87650 19.57820 | .3786219.58062 | 38073] 12 
49 57091 | S223 f .57336 .57581 | 876545 57824} 37865} .58066| 38077] 11 
50 07095 | 8323859 .57340 -57585 | 376579 .57828 | 37869] .58070| 380801 10 
51 57099 | 872388 .57344 .07089 | S766L 9 .57832| 878727 .58074| .38084E 9 
+ 193 19.57103| 37242 1 9.57348 9.57593 | .3766419.57836 | .3787619.58078 | 380871 8 
58 07107 | 8724598 .57353 -57597 | 87668] .57840| 37879 .58082] .s800Lt 7 
54 7111 | 872499 .57357 -57601 | S671] .57844/] 378837 .58086] 380851 6 
Ines 55 57115 | 872529 .57361 .07605 | .37675 7 .57848| .37886F .58090] 38088] 5 
+ 14 19.57119| .37256 } 9.57365 037678 [9.57852 | 37890 1 9.58094 | 381024 4 
57 07124] 372591 .57369 0376824 .57856 | 378937 .58098] 381057 
58 07128 | 6872635 .57373 37685] .57860| 387897] .58102| .38169) 2 
59 07132 | 3872669 .57377 o37689 | .57864| 879007 .58106| .381125 72 
SY §9.57136 | 37270 | 9.57381 ; 37692 1 9.57868 | .3790419.58110| 38116 


5A 5m 36° 15/ 


8 Log. Hav. | Nat. Hav. 

0 38116 

1 o38119 

2 238123 

8 -38126 

238130 

238133 

238137 

38140 

038144 

-38148 

-38151 

38155 

-38158 

238162 

38165 

38169 

+ 419.58175| .38172 
17 .08179 | .38176 
18 .08183 | .38179 
19 .58187 | .38183 
+ 6 19.58191| .38186 
21 .58195] .38190 
22 .08199 | .38193 
28 .08203 | .38197 
+ 6’ | 9.58207 | .38200 
25 08211 | 38204 
26 .08215 | .38208 
27 08219} 38211 
+ 7 19.58223| .38216 
29 .08227 | 38218 
380 .08231 | 388222 
$1 .08235 | .38225 
+ 871 9.58239 | .38229 
38 .08243 | 38282 
34 .08247 | .38236 
85 .58251 | .38239 
+ 9 19.58255 | .38243 
387 .08209 | 38246 
88 .08263 | 38250 
89 .08267 | .38254 
+ 107° 19.58271 | .38257 
41 .08275 | 38261 
42 .08279 | 38264 
48 .08283 | 38268 
+ 417 19.58287 | .38271 
45 58291 | .38275 
46 .08295 | 38278 
47 .08299 | 38282 
+ 12/]9.58303 | .38285 
49 - 98307 | .38289 
50 08311 | 388292 
51 .08315 | 38296 
+ 13’ | 9.58319 | .38299 
58 .58323 | 38303 
54 .58327 | 88307 
55 .08331 | 38310 
+ 14/1 9.58335 | .38314 
57 .08339 | .38317 
58 .58343 | 38321 
59 .08347 | 38324 
+ 15 1 9.58351 | .38328 

18h 54m 


§41524°—43———_-46 


5h 6m 76° 30’ 


Log. Hav. 


9.58415 
58419 
-58423 
.08427 


9.58431 


.08435 
.08439 
08443 


9.58447 


08451 
58455 
-58459 
9.58463 
.58467 
08471 
.58475 


9.58479 


08483 
58487 
.08491 


9.58495 


.58499 
58503 
.08507 
9.58511 
08515 
.08519 
.08523 
9.58527 
.08931 
.08A35 
08539 


9.58543 
.08547 
.08551 
.08999 


9.58559 


58563 
.08567 
.08571 


9.58575 


.08579 
.08583 
08587 


9.58591 


Nat. Hav. 


38328 
38331 
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5h 7m 76° 45/ 
Log. Hav. | Nat. Hav. ] Log. Hav. | Nat. Hav. | Log. Hav. | Nat. Hav. 


9.58591 
.08595 
-58599 
.58603 


9.58655 
.08659 
58663 
.08667 


9.58671 


.58675 
.08679 
-08683 


9.58687 


.58691 
.08695 
-08699 


9.58703 


.58707 
08711 
58715 


9.58719 


.58723 
.08727 
58731 


| 


9.58735 
.58739 
08742 
.08746 


9.58750 
.58754 
.08758 
.58762 


9.58766 


.08770 
.58774 
.58778 


9.58782 


.58786 
.58790 
.08794 


9.58798 


.08802 
-08806 
.58810 
9.58814 
08818 
08822 
.08826 


9.58830 


38540 
38544 
38547 
38551 


38699 
238703 
-38706 
-38710 
038713 
38717 
38721 
038774 
038728 
38731 
038735 
038738 
238742 
038745 
38749 


38752 


18h 52m 


5h 8m 77° W 


9.58862 
.58866 
-08870 
58874 

9.58878 
08882 
58885 
58889 

9.58893 
08897 
08901 
.58905 

9.58909 
58913 
58917 
08921 

9.58925 
-58929 
.58933 
08937 

9.58941 
.58945 
.58949 
.58953 

9.58957 
08961 
.58965 
.58969 


9.58973 
.08977 
58981 
.58985 

9.58989 
.58992 
.58996 
-09000 

9.59004 
-59008 
.59012 
-09016 

9.59020 
09024 
.09028 
09032 

9.59036 
-09040 
59044 
.59048 

9.59052 
-99056 
-09060 
-59064 

9.59068 


38752 


38781 
38784 
238788 
38791 
38795 
-38799 
38802 
-38806 


-38809 


38813 
38816 
238820 


38823 
38827 
38830 
38834 


38868 
-38869 
238873 
238876 
38880 
38884 
38887 
38891 
38894 
38898 
-38901 
-38905 
238908 
038912 
-38915 
38919 
38923 
38926 
38930 
38933 
38937 
238940 
38944 
38947 


38951 


38962 


38965 


18h 51m 
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5h gm 77° 15/ 


9.59068 


9.59115 | 


.59119 
.59123 
59127 


9.59131 
59135 
.09139 
.09143 

9.59147 
59151 
-59155 
.59158 


9.59162 


.59166 
.59170 
09174 
9.59178 
— 09182 
.59186 
-59190 
9.59194 
-59198 
.59202 
.09206 
9.59210 
.09214 
59218 
.09222 
9.59225 
-09229 
.09233 
.59237 
9.59241 
.59245 
~09249 
.99253 
9.59257 
09261 
09265 
.09269 
9.59273 
09277 
5928] 
09285 
9.59289 
.59292 
-09296 
-09300 


9.59304 


38976 


39100 
39103 
39107 
39111 
39114 
39118 
39121 
39125 
39128 
39132 
39135 
39139 
39143 
39146 
39150 
39153 
039157 
39160 
39164 
39167 
39171 
39174 
39178 


18h 50m 


® 


+ 
mS NA | e@wemMO/ @ 


bea bee 


y i 


.| Nat. Hav§ Log. Hav 


5h 10™ 77° SO’ | 5h 11m 77° 45 54 12m 78° 0 

Log. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav] Log. Hav 

9.59304 | 39178 | 9.59540 | .39391 9.59774 | .39604 
.59308 | 39182] .59544| .39395] .59778| .39608 
59312 | .80185] .59548 | .39398] .59782| .39612 
59316 | 89189] .59552) .39402] .59786| 39615 
9.59320 | 39192 1 9.59556 | 1.38405 19.59790 | .39619 
59324 | 391967 .59559 | 39409) .59794| 39622 
59328 | $9199] 59563} 39412] .59798; 39626 
.59332 | 892037 .59567| .39416] .59802| 39629 
9.59336 | 39206 19.59571 | .3942019.59806 | .39633 
59340 | 39210] .59575| .39423] .59809| .39636 
.59344 | 39214] .59579 | .39427] .59813| .39640 
.59348 | 39217] .59583 | 39430] .59817| .39644 
9.59351 | .39221 19.59587 | .3943499.59821 | .39647 
59355 | 892247 59591) 39437) .59825| 39651 
.59359 | .892287 .59595| .39441] .59829| 39654 
.59363 | 892317 .59599 | 39444] .59833 | 39658 
9.59367 | .39235 19.59602 | .3944819.59837 | .39661 
.09371 | 89238] 59606} 39451) .59841| 39665 
.59375 | 392427 .59610| 39455] 59845 | 39668 
.59379 | 392457 .59614| 39459] 59848 | .39672 
9.59383 | .3924919.59618 | .39462)9.59852 | .39676 
.09387 | 392537 .59622| 39466) .59856 | .39679 
.59391 | 39256] .59626| .89469F .59860| .39683 
.59395 | 392607 59630] 39473] .59864 | .39686 
9.59399 | 39263 | 9.59634 | .3947619.59868 | .39690 
.09403 | 892677 .59638 | .39480] .59872| .39683 
.59406 | .39270] 59642 | .39484] .59876| .39697 
.09410 | 39274] .59646| .39487]7 .59880| .39700 
9.59414 | 39277 | 9.59649+ .3949119.59883 | .39704 
.09418 | .39281 7 .59653 | 39494] .59887 | .39708 
.59422 | 89285] .59657 | 39498] .59891| 39711 
59426 | 392887 59661] 89501] 59895 | 89715 
9.59430 | 39292 19.59665 | .39505 [9.59899 | .39718 
09434 | 39295] .59669 | 395087 .59903 | 89722 
.09438 | 392997 .59673 | 395127 .59907 | .39725 
59442 | 393027 .59677} 39516] .59911! .39729 
9.59446 | 39306 19.59681 |] .3951919.59915 | 39732 
59450 | 393097 .59685 | 395237 .59918| 39736 
59454 | 393137 .59688 | 895267 .59922| 39739 
09458 | 89317] .59692 | 89530] .59926 | .39743 
9.59461 | 39320 19.59696 | .8953319.59930 | .39746 
.09465 | 39324] .59700| 39537] .59934 |) .39750 
.09469 | 893277 .59704 | 395404 .59938 | 39754 
.59473 | 89331] .59708 | 3895447 .59942| 39757 
9.59477 | .3933419.59712 | .3954819.59946 | 39761 
.59481 | 89338} .59716 | 39551 .59950] .39765 
09485 | 93417 59720; .39555] .59953 | °39768 
.09489 | 393459 .59724| 39558] .59957 |] .39772 
9.59493 | 39348 19.59728 | .39562 9.59961 | .39775 
59497 | .89352] .59731) .89565] .59965] .39779 
.59501 | 393567 .59735 | .39569]7 .59969 | .89782 
09505 | 393597 .59739 | .89572] .59973 | 39786 
9.59508 | 39363 [9.59743 | .3957619.59977 | .39789 
09512 | 89366] .59747| .89580] .59981 | 39793 
59516 | 393707 .59751] .89585] .59985 | .39796 
09520 | .893737 .59755) 39587] .59988) .39800 
9.59524 | 39377 §. 9.59759 | .39590 1 9.59992 | .39803 
.09528 | 393807 .59763 | .39594] 59996} 39807 
59532 | 89384] .59767 | .89597] 60000| 39811 
.09536 | 39388 .59770| .39601} .60004| .39814 
9.59540 | .39391} 9.59774 | .3960419.60008 | .39818 

18h 49m 18h 48m 18h 47m 


5h 18m 78° 15/ 


9.60008 | .38818 1 9.60240] .40032 
60012 | .39821] .60244| .40035 
60016 | 39825} .60248| .40039 
.60020 | 39829) .60252| .40042 
9.60023 | .39832 | 9.60256 | .40046 
.60027 | .39836] .60260| .40049 
.60031 | .39839] .60263| .40053 
.60035 | .89843] .60267| .40057 
9.60039 | 39846] 9.60271 | .40060 
.60043 | .39850] .60275| 40064 
.60047 | .39854] .60279| .40067 
.60051| .39857] .60283| .40071 
9.60054 | .39861 | 9.60287 | .40074 
.60058 | .39864] .60291| .40078 
.60062 | .39868] .60294| .40081 
60066 | 39871] .60298| .40085 
9.60070 |" .39875 | 9.60302 | .40089 
.60074 | .39878] .60306| .40092 
.60078 | .39882] .60310| .40096 
.60082 | .39886} .60314| .40099 
9.60085 |~ .39889 | 9.60318 | .40103 
.60089 | .39893] .60321| .40106 
.60093 | .39896] .60325| .40110 
.60097 | .39900] .60329| .40114 
9.60101 | .39908 | 9.60333 | .40117 
.60105 | 39907} .60337| .40121 
.60109 | 39910] .60341| .40124 
60113 | 39914] .60345| .40128 
9.60116 | 39918 | 9.60348 | .40131 
.60120| .39921] .60352| .40135 
.60124| 39925] .60356| .40139 
60128 | 39928] .60360| .40142 
9.60132 | .39932 | 9.60364 | .40146 
60136 | .39935] .60368| .40149 
.60140 | .39939] .60372| .40153 
.60144| .39943] .60375| .40156 
9.60147 | .39946 | 9.60379 | .40160 
.60151| .39950] .60383| .40163 
60155 | 89953] .60387| .40167 
60159 | .39957] .60391| .40171 
9.60163 | .39960 | 9.60395 | .40174 
.60167 | .39964] .60399| .40178 
.60171 | .39967] .60402] .40181 
60175 | .39971] .60406| .40185 
9.60178 | .39975 | 9.60410| .40188 
.60182 | .39978] .60414| .40192 
.60186 | .39982] .60418| .40196 
60190 | .39985] .60422| .40199 
9.60194 | .39989 | 9.60426 | .40203 
.60198 | 39992] .60429| .46206 
.60202 | .39996] .60433| .40210 
.60206 | .40000} .60437| .40213 
9.60209 | 40003 | 9.60441 | .40217 
.60213 | .40007] .60445| .40220 
.60217 | .40010] .60449| .40224 
.60221| 40014] .60452| .40228 
9.60225 | 40017 | 9.60456 | .40231 
.60229 | .40021] .60460| .40235 
.60233 | £0024] .60464| .40238 
.60236 | .40028] .60468| .40242 
9.60240 | 40032 1 9.60472 | .40245 
18h 46m 18h 45m 


.| Nat. Havd Log. Hav 


5h 14" 78° 3Y 


.| Nat. Hav 


9 
8 
7 
6 
§ 
4 
8 
2 
1 
0 


TABLE 34. [Page 319 
Haversines. 
5h 15™ 38° 45/ 54 17m 79° 15/ 5h 18m 79° 30 5h 19m 7Q° 45’ 
8 Log. Hav.| Nat. Havj Log. Hav Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav] Log. Hav.) Nat. Hav 
0 9.60472 | 40245 | 9.60702 9.60931 | .40674 9.61160 | .40888 | 9.61387 
i 60476 | 40249 .60935 | 406771 .61164| .408921 .61391 
2 .60479 | 40253 .60939 | 406817 .61167| .40895]7 .61395 
$ .60483 | .40256 .60943 | .40685] .61171| .40899] .61399 
+ 9.60487 | 40260 9.60947 | .4068819.61175 | .40903 19.61402 | 41117 
5 .60491 | 40263 60951} 406921 .61179 | 40006] .61406| .41121 
6 .60495 | 40267 .60954 | 40695] .61183; .40910] .61410| 41124 
7 .60499 | .40270 .60958 | .406997 .61186| .40913] .61414| .41128 
+ 8 19.60502 | 40274 9.60962 | 40702 19.61190 | .4091719.61417| 41131 
9 .60506 | 40277 .60966 | .40706] .61194 | .409207 .61421| 41135 
10 .60510 | 40281 .60970 | .40710]7 .61198 | .40924] .61425| 41139 
11 .60514 | 46285 .60973 | .40718] .61202] .40928] .61429| .41142 
+ Y 19.60518 | .40288 9.60977 | 40717 19.61205 | .4093119.61433 | 41146 
13 .60522 | 40292 .60981 | .40720] .61209| .40835) .61436/ .41149 
14 .60526 | 40295 .60985 | 40724] .61213| .40838] .61440| 49153 
15 .60529 | 1.40299 60989 | 40727] .61217| .409421 .61444| .41156 
+ # 19.60533 | .40303 | 9.60763 9.60992 | .4073119.61221 | .4004519.61448 | .41160 
17 .60537 | 403064 .60767 .60996 | .40735] .61224] .40949] 6145] | 41164 
18 .60541 | .40310] .60771 .61000 |} 40738] .61228; .40953] .61455| .41167 
19 60545] .40313] .60775 .61004 | .407427 .61232| .40956] .61459] .41171 
+ 8 19.60549 | 40317 1 9.60779 9.61008 | .40745 1 9.61236 | .4096019.61463 | .41174 
21 60552 | 1.403201 .60783 61012 | .40749] .61240| .40963§ .61467| .41178 
22 60556 | .403241 .60786 61015 | °407524 .61243 | .40967] .61470/ .41182 
23 60560 | .40328 4 .60790 .61019 | .40756] .61247| .40970]1 .61474] .41185 
Y 19.60564 | .40331 | 9.60794 9.61023 | .4076019.61251 | .4097419.61478 | .41189 
25 .60568 | .40335 7 .60798 61027 | 40763] .61255!| .40978§ .61482| .41192 
26 .60572 | 403381 .60802 .61031 | 407671 .61258| .40981] .61455| .41196 
27 .60576 | 403427 .60805 .61034 | -407701 .61262) .40985]7 .61489| .41199 SS 
+ 9.60579 | 40345 1 9.60809 9.61038 | .4077419.61266 | .40988 ]9.61493 | .41203 
29 .60583 | 403491 .60813 .61042 | 40777] .61270| .409929 .61497| .41207 
$0 .60587 | 4035217 .60817 61046 | .40781] .61274] .40996] .61500| .41210 
$1 .60591 | 1.403564 .60821 .61050 | .40785] .61277| .409999% .61504| .41214 
+ 8& 19.60595| .40360 1 9.60825 9.61053 | 40788 }9.61281 | .41003 19.61508 | .41217 
88 -60599 | 403637 .60828 61057 | 407924 .61285| .A1006% .61512{ 41221 
$4 .60602 | 403677 .60832 61061 | .40795]7 .61289 | .41010] .61516] 41225 
85 60606, 40370 F .60836 .61065 | .407997% .61293| .41013] .61519| .41228 
+ & 19.60610| .40374 | 9.60840 9.61069 | .40802 }9.61296 | .41017 [9.61523 | 41232 
87 .60614 | 40377 | .60844 .61072 | .40806§ .61300| 410217 .61527| .41235 
s8 .60618 | 40381} .60847 .61076 | .408107 .61304| .41024]7 .61531] .41239 
89 .60622 | .40385 7 .60851 .61080 | 40813] .61308 | .41028] .61534] .41242 
+ 10 [9.60625 | .40388 | 9.60855 9.61084 | .4081719.61312 | .41031 [9.61538 | .41246 
41 .60629 | 40392] .60859 .61088 | 408207 .61315 | .41035] .61542| .41250 
42 .60633 | -40395 1 .60863 -61091 | 40824 .61319| .41039] .61546| .41253 
48 .60637 | 40399] .60867 .61095 | 408277 .61323 | .41042]7 .61549| .41257 
+ I 1 9.60641 | .40402 1 9.60870 9.61099 | 40831 19.61327 | .41046]9.61553 | .41260 
45 -60645 | .40406) .60874 -61103 | .40835— .61330] 41049] .61557] .41264 
46 .60648 | 40410] .60878 .61107 | .40838] .61334| .41053] .61561| .41267 
47 .60652 | .40413} .60882 .61110 | .40842] .61338 | .410567 .61565| .41271 
9.60656 | .40417 19.60886 | .4063119.61114 | .4084519.61342 | .4106019.61568 | 41275 
-60660 | 40420] .60890| .40635] .61118| 40849] .61346| .41063] .61572| .41278 
.60664 | 404247 .60893 | .40638] .61122| 408529 .61349| .41067 9 .61576| 41282 
.60668 | .40427] .60897 | .4064217 .61126| .40856]7 .61353| .41071 7 .61580] .41285 
13 | 9.60671 | .4043119.60901 | .4064519.61129 | .4086019.61357 | .4107419.61583 | .41289 
.60675 | 40434] .60905) .40649] .61133 | .40863] .61361 | .41078] .61587] .41293 
.60679 | 40438] .60909| .40652] .61137| .40867] .61364| .41082] 61591] 41296 
.60683 | 40442] .60912| .406567 61141 | .40879] .61368| .41085 7 .61595| .41300 
14” | 9.60687 | .40445 19.60916 | .4066019.61145 | .4087419.61372 | .4108919.61598 | .41303 
.60691 |] .40449] .60920] 40663] .61148| .40878] .61376] .410923 .61602| .41307 
.60694 | .40452] .60924| 406674 .61152| .40881] .61380] 41096] .61606| 41310 
.60698 | 40456] .60928 | 406701 .61156| .40885] 61383] .410997 61610] .41314 
+ 18 419.60702 | .4046019.60931 | .4067419.61160| .4088819.61387 | .41103]9.61614 | 41318 
18h 44m 18h 43m 18h 42% 18h 41m 18h 40m 
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Log. Hav. 
49.61614 


.61617 
61621 
.61625 


41318 
41371 
41325 
41328 
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54 21™ 80° 15/ 


9.61839 
61843 
.61846 
.61850 


41533 
41536 
41540 
41543 


5h 22™ 80° 3Y 5% 25™ 80° 45 


Nat. Hav.) Log. Hav.| Nat. Hav. Log. Hav. 


9.62063 
-62067 
.62071 
.62074 


41748 
41751 
41755 
41758 


ee ef ee eee 
[A Pl ee | ae | era 


+, + 
ae 
x " 


ba bee 
m OO 


RB 


+ 


4’ 


9.61629 
.61632 
.61636 
.61640 


9.61644 


.61647 
.61651 
.61655 


9.61659 


-61662 
.61666 
.61670 


9.61674 


.61677 
.61681 
.61685 
9.61689 
.61692 
.61696 
.61700 
9.61704 
.61708 
61711 
61715 


9.61719 
.61723 
.61726 
.61730 

9.61734 
.61738 
.61741 
.61745 

9.61749 
.61753 
61756 
.61760 

9.61764 
.61768 
.61771 
61775 


9.61779 
.61783 
.61786 
.61790 

9.61794 
.61798 
.61801 
.61805 


9.61809 
61813 
-61816 
.61820 

9.61824 
.61828 
.61831 
.61835 


9.61839 


41332 
41335 
-41339 
41343 


A1346 
41350 
41353 
41357 


41361 


41364 
41368 
41371 


41375 
41378 
41382 
41386 


41389 
41393 
-41396 
41400 


041404 
041407 
41411 
41414 


CEE eee ee 


41418 
041421 
041425 
41420 


41432 
41436 
41439 
41443 
041447 
41450 
041454 
041457 


41461 
41464 
-41468 
041472 


041475 
41479 
41482 
41486 


See EE EEE EEUEEEnem erased 


-41490 
-41493 
41497 
41500 


41504 
041507 
41511 
41615 


41518 


041522 
041525 
41529 


184 $9™ 


9.61854 
.61858 
.61861 
.61865 


9.61869 
.61873 
.61876 
.61880 

9.61884 
.61888 
.61891 
.61895 

9.61899 
.61903 
-61906 
.61910 

9.61914 
.61917 
.61921 
.61925 

9.61929 
.61932 
.61936 
.61940 

9.61944 
.61947 
.61951 
.61955 

9.61959 
.61962 
.61966 
.61970 

9.61974 
.61977 
.61981 
.61985 

9.61989 
.61992 
.61996 
.62000 

9.62003 
-62007 
.62011 
.62015 

9.62018 
.62022 
.62026 
.62030 


9.62033 
-62037 
.62041 
.62045 

9.62048 
.62052 
.62056 
.62059 


41533 | 9.62063 


041547 
41550 
41554 
-41558 


41561 


41565 
41568 
41572 


41576 


41601 


41604 


-41608 
41611 
41615 


41619 


41622 
41626 
-41629 


41633 


41636 
41640 
41644 


041647 


41651 
041654 
41658 
-41662 
41665 
-41669 
41672 


41676 


41679 
41683 
-41687 
41690 
41694 
41697 
41701 


ee 


041705 
£1708 
41712 
41715 


41719 
oA1722 
41726 
41730 


SEES EEE 


41733 
41737 
£1740 
041744 


184 $8™ 


9.62078 
.62082 
.62086 
-62089 


9.62093 


.62097 
-62100 
.62104 
9.62108 
62112 
62115 
.62119 
9.62123 
62127 
-62130 
.62134 
9.62138 
.62141 
.62145 
.62149 
9.62153 
.62156 
.62160 
.62164 
9.62168 
62171 
62175 
.62179 
9.62182 
.62186 
.62190 
.62194 
9.62197 
.62201 
.62205 
.62208 
9.62212 
.62216 
-62220 
.62223 


9.62227 


62231 
.62234 
.62238 
9.62242 
.62246 
.62249 
.§2253 


9.62257 
.62261 
.62264 
.62268 

9.62272 
.62275 
.62279 
.62283 


41748 | 9.62287 


41762 
41766 
41769 
41773 


41780 
041783 
41787 


41791 


41816 


41819 


41823 
41827 
41830 


41834 


41837 
41811 
41844 


41862 
41866 
41870 
41873 


———eee se OO | OO | 


41877 
41880 
41884 
-41888 


41891 


41895 
41898 
-41902 
41905 
-41909 
41913 
41916 


41920 


41923 
41927 
41931 


41934 
-41938 
41941 
41945 


ree 


41949 
41952 
-41956 
-41959 


185 87™ 


Nat. Hav.t Log. Hav. 


9.62287 


41776 | 9. 


9.62361 


.62364 
.62368 
.62372 
9.62376 
.62379 
.62383 
.62387 
9.62390 
.62394 
.62398 
.62402 


9.62435 
.62439 
.62442 
.62446 


9.62450 


.62453 
.62457 
.6246] 
9.62464 
.62468 
.62472 
.62476 


9.62479 
.62483 
.62487 
.62490 

9.62494 
.62498 
.62501 
.62505 


41963 | 9.62509 


184 S6™ 


5% 24™ 81° 


41963 | 9.62509 
.62513 

.62516 

.62520 

9.62524 

.62527 

.62531 

.62535 

9.62538 

.62542 

-62546 

.62550 

9.62553 

.62557 

.62561 

.62564 

9.62568 

.62572 

.62575 

.62579 

9.62583 

42038 | .62586 
42042 | .62590 
42045 | .62594 
042049 | 9.62598 
42053 | .62601 
42056 | .62605 
42068 | .62609 
42063 | 9.62612 
42067 | .62616 
42071 | .62620 
42074 | .62623 
42078 | 9.62627 
42081 | .62631 
42085 | .62634 
-42089 | .62638 
42092 | 9.62642 
42006 | .62646 
042006 | .62649 
42103 | .62653 
42106 | 9.62657 
42110} .62660 
427114] .62664 
042117 | .62668 
42121 | 9.62671 
A217] .62675 
42128 | .62679 
042132] .62682 
42135 | 9.62686 
42139 | .62690 
042142] 62693 
42146 | .62697 
042150 | 9.62701 
042153 | .62704 
42157 | .62708 
‘42160 § .62712 
42164 | 9.62716 
42168] .62719 
AZ1I1] = .62723 
42175 | .62727 
42178 | 9.62730 


42218 
42271 
42225 
42220 
42232 


Nat. Hav.! Log. Hav.| Nat. Hav. 


ath 


_9 
& 
7 
6 
5 
4 
8 
2 
1 
0 


TABLE 34. [Page 321 


Haversines. 


5h 25m 81° 18/ 5h 26m 81° 30 Sh 27m 81° 45/ 5h 28m 82° 5h 29m 82° 15/ 
Log. Hav.! Nat. Hav4 Log. Hav.) Nat. Havd Log. Hav.| Nat. Hav] Log. Hav.) Nat. Havd Log. Hav | Nat.Havj s 


8 
O 19.62730| .42394] 9.62951] .426101 9.63170 | .4282519.63389 | .43041 | 9.63606 | .43257 
1 62734 | .42367] .62954| .42613] .63174| .42829] .63392| .43045] .63610| .43261 
2 62738 | 42401] .62958| .42617] .63177| .42833] .63396| .43049] .63613| .43265 
3 | .62741 62962 | 49620] .63181| .42836] .63399| .43052] .63617| .43268 
+ 17 [9.62745 9.62965 | .42624 | 9.63185 | .42840 | 9.63403 | .43056 | 9.63621 | .43272 
6 | .62749 62969 | .42628] .63188| 42843] .63407| .43059] .63624| .43275 
6 | .62752 .62973 | 42631] .63192| 42847] .63410| .43063] .63628| .43279 
7 | 62756 62976 | 42635] .63196 | .42851] .63414| .43067] .63631 | .43283 
+ 27 [9.62760 9.62980 | .42638 | 9.63199 | .42854 1 9.63418 | .43070 | 9.63635 | .43286 
9 62763 .62984 | 42642] .63203| .42858] .63421| .43074] .63639| .43290 
10 62767 .62987 | 42645] .63207| .42861] .63425| .43077] .63642| .43293 
11 62771 .62991 | .42649] .63210| .42865| .63429| .43081] 63646 | .43297 
3 1 9.62774 9.62995 | .4265319.63214| .42869 | 9.63432 | .43085 | 9.63649 | .43301 
18 | .62778 .62998 | .42656] .63218| .42872] .63436| .43088] .63653| .43304 
14 | .62782 .63002 | .42660] .63221; .42876] .63439| .43092] .63657| .43308 
15 | .62785 63006 | .42663] .63225| .42879] .63443| .43095] .63660| .43312 
+ & [9.62789 9.63009 | .42667 | 9.63228 | .42883 | 9.63447 | .43099 | 9.63664 | .43315 
:17 =| .62793 63013 | 42671} .63232| .42887] .63450| .43103] .63668| .43319 
48 =| .62796 .63017 | .42674] .63236| .42890] 63454! .43106] .63671| .43322 
19 62800 63020 | .42678} .63239| .42894] .63458| .43110] .63675 | .43326 
8” [9.62804 9.63024 | .42681 | 9.63243 | 42897 | 9.63461 | .43113 | 9.63678 | .43330 
£1 .62808 .63028 | .42685} .63247| .42901] .63465| .43117] .63682| .43333 
22 62811 63031 | 42689} .63250| .42905] .63468| .43121] .63686 | .43337 
23 | 62815 63035 | 42692] .63254| .42908] .63472| .43124] 63689 | .43340 
+ © [9.62819 9.63039 | .42696 | 9.63258 | 420121 9.63476 | .431281 9.63693 | .43344 
25 | .62822 63042 | .42699] .63261| .42015] .63479| .43131] .63696| .43348 
26 «| .62826 63046 | .42703] .63265| 42919] .63483| 43135] .63700| .43351 
27 | .62830 63050 | .42707] .63269 | .42923] .63487]| .43139] .63704| .43355 
Y [9.62833 9.63053 | .42710 | 9.63272 | 42926] 9.63490 | .43142| 9.63707 | .43358 
29 | 62837 .63057 | 42714] .63276| .42030] .63494| .43146] .63711| .43362 
30 62841 63061 | .42717] .63279| .42933] .63497| .43149] .63714| .43366 
$1 62844 .63064 | .42721] .63283 | .42937] .63501| .43153] .63718| .43369 
8 19.62848 9.63068 | .42725 | 9.63287 | 420411 9.63505 | .43157 | 9.63722 | .43373 
33 | .62852 .63071 | .42728} .63290| .42944] .63508| .43160] .63725| .43376 
34 | .62855 .63075 | .42732] .63294| .42048]} .63512| .43164] .63729| .43380 
85 | .62859 63079 | 42735] .63298 | .42951] .63516] .43167] .63733 | .43384 
Y [9.62863 9.63082 | 42739 | 9.63301 | .42055 | 9.63519 | .48171 | 9.63736 | _.43387 
37 | .62866 .63086 | .42743] .63305| .42959] .63523| .43175] .63740| .43391 
38 | .62870 .63090 | 42746] .63309| .42962] .63526] .43178] .63743| .43304 
39 62874 63093 | .42750] .63312| 429661 .63530| .43182] .63747| .43398 
+ 107 [9.62877 9.63097 | 42753 | 9.63316 | 42969 | 9.63534 | .43185| 9.63751 | .43402 
41 62881 63101 | 42757] .63320| .42973] .63537| .43189] 63754] .43405 
42 | 62885 .63104| 42761] .63323| .42977] .63541| .43193] .63758| .43409 
43 62888 63108 | 42764] .63327| .42980] .63545| .43196] .63761| .43412 
+ 117 [9.62892 9.63112 | 42768 | 9.63330 | 42084 | 9.63548 | .43200| 9.63765 | .43416 
45 | .62896 63115 | 42771] .63334| .42987] .63552| .43203] .63769| .43420 
46. | .62899 63119 | 42775.) .63338 | .42991] .63555| .43207] .63772] .43423 
47° | .62903 .63123 | 42779] .63341| .42995] .63559| .43211] .63776 | .43427 
+ 127 [9.62907 9.63126 | .42782 | 9.63345 | 429981 9.63563 | 43214] 9.63779 | .43430 
49 62910 .63130| 42786} .63349| .43002] .63566| .43218] .63783| .43434 
50 | .62914 .63134 | 42789} .63352| .43005] .63570} .43221] .63787| .43438 
51 62918 63137 | .42793 | .63356| .43009] .63574| .43225] .63790| 43441 
197 (9.62921 9.63141 | .42797 | 9.63360 | .43013 | 9.63577 | 43229 | 9.63794 | .43445 
53 | .62925 .63145 | .42800] .63363| .43016] .63581| .43232] .63797| .43448 
54 | .62929 .63148 | 42804] .63367| .43020] .63584| 43236] .63801| .43452 
55 | .62932 63152 | .42807 | .63370| .43023] .63588| 43239] .63805| .43456 
+ 147 [9.62936 9.63156 | 42811 | 9.63374 | .43027 | 9.63592 | .43243 1 9.63808 | .43459 
57 | .62940 63159 | .42815] .63378| .48081] .63595| .43247] .63812| .43463 
68 | 62943 .63163 | .42818} .63381| .43034] .63599| .43250] .63815| .43466 
59 62047 63166 


“42822 | (63385 | .430381 .63602| .432541 .63819| .43470 
9.63170 | 42825 | 9.63389 | 43041 | 9.63606 | 43257 | 9.63823 | 43474 


18 [9.62951 
18h 4a 18h 33m 18h sem 18h $1™ 18h som 


Page 322] TABLE 34. 

Haversines. 
5h $0m 82° 30 | 54 S1m 82° 45/ | 5h S2m 83° O 

8 

O |9.63823| .43474] 9.64038 43907 
1 .63826 | .43477] .64042 43910 
2 .63830 | .43481] .64046 43914 
3 .63833 | .43485] .64049 43917 
+ 17 [9.63837 | .43488 | 9.64053 43921 
5 .63841 | 43492] .64056 -43925 
6 .63844 | .434954 .64060 43928 
7 .63848 | .43499] .64063 43932 
+ 27 [9.63851] .43503 | 9.64067 43935 
9 .63855 | 43506] .64071 43939 
10 .63859 | 43510] .64074 43943 
11 .63862 | .43513] .64078 43946 
+ 98719.63866| .43517 [9.64081 ~ 643950 
18 .63869 | 43521] .64085 43953 
14 .63873 | 43524] .64088 43957 
15 .63877 | .43528] .64092 43961 
+ 47 [9.63880 | .43531 | 9.64096 43964 
17 .63884 | .43535] .64099 43968 
18 .63887 | .43539] .64102 43972 
19 .63891 | .43542] .64106 43975 
5” | 9.63895 | .43546 [9.64110 43979 
21 .63898 | 43549] .64113 43982 
22 63902 | 43553] .64117 43986 
23 .63905 | 43557] .64121 43990 
+ 67 19.63909 | .43560 [9.64124 ~43993 
25 63913 | .43564] .64128 43997 
26 .63916 | .43567] .64131 -44000 
27 .63920 | .43571] .64135 44004 
77 [9.65923 | .43575 [9.64139 ~44008 
29 .63927 | .43578 | .64142 44011 
30 .63931 | .43582] .64146 44015 
$1 .63934 | .43585] .64149 44018 
+ 8’ [9.63938 | .43589 1 9.64153 44022 
88 63941 | .43593] .64156 44026 
$4 .63945 | 43596] .64160 44029 
$5 | .63949| .43600] 64164 44033 
+ 97 19.63952| .43603 [9.64167 ~44036 
$7 .63956 | 43607] .64171 44040 
$8 .63959 | .43611] .64174 44044 
89 .63963 | .43614] .64178 44047 
+ 107 9.63966 | .43618 [9.64181 44051 
41 .63970 | 43622] .64185 244055 
42 .63974 | 43625] .64189 44058 
48 .63977 | 43629} .64192 44062 
+ 117] 9.63981 | 43632 [9.64196 | .4384919.64410 | .44065 
45 .63984 | 43636] .64199/ .43852] .64413] .44069 
46 63988 | .43640] .64203| .43856] .64417| .44073 
47 .63952 | .43643] .64206| .43860] .64420| .44076 
+ 127 19.63995 | .43647 [9.64210 | 43863 [9.64424 | 44080 
49 63999 | .43650] .64214| .43867] .64428| .44083 
50 .64002 | .43654] .64217| .43870] .64431] .44087 
51 .64006 | .43658] .64221| .43874] .64435| .44091 
137 |9.64010 | .43661 [9.64224 | .43878 1 9.64438 |" 44094 
58 64013 | .43665] .64228| .43881] 64442] .44098 
54 64017 | .43668] .64231| .43885] .64445| .44101 
55 .64020 | 43672] .64235| .43888] .64449| .44105 
+ 147 1 9.64024 | 43676 [9.64239 | 43892 [9.64452] .44109 
57 64028 | .43679] .64242| 43896] .64456| .44112 
58 64031 | .43683] .64246| .43899] .64460| .44116 
59 .64035 | .43686] .64249| .43903] .64463| .44120 
- 187 [9.64038 | 43690 1 9.64253 | 43907 | 9.64467 | 44123 

18h 29m 18h 23m 18h g7m 


5h 83m 83° 15/ 
Log. Hav.| Nat. Hav] Log. Hav.| Nat. HavjLog. Hav.| Nat. Havd Log. Hav.| Nat. Havd Log. Hav.| Nat. Hav 


9.64609 
64612 
.64616 
64619 

9.64623 
64626 
.64630 
64633 


9.64637 


-64640 
64644 
.64648 
9.64651 
64655 
.64658 
64662 


9.64665 


64669 
.64672 
.64676 


9.64679 


aL 


| 


44239 


HF 


442724 


5k 34m 83° 30’ 


EE 


: 


BEEE 


if 


TE 


| 


bELEE 


z 


iE 


rete 


HEE 


60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 


NA |ceteuO!/ @ 


bea, bent, 
mS © 


TABLE 34. 
Haversines. 
5h $5™ 88° 45/ | 5h Sm 84° RW | 5h 57m 84° 1 
Log. Hav.| Nat. Havd Log. Hav.| Nat. Havd Log. Hav.) Nat. Havd Log. Hav. 
9.64891 | .4455719.65102 | .44797419.65312 | .44991 | 9.65521 
.64895 | 445607 .65106| 44777] .65316| 449047 . 
.64898 | 44564] .65109| .447817 .65319| .44998 
.64902 | .445687 .65113 | .44784] .65323| .45001 
9.64905 | 4457119.65116 | .4478819.65326 |} .45005 
64909 | 4459517 .65120| .44792] .65330!] .45009 
64912 | 44578] .65123 | 447951 .65333 | .45012 
64916 | 44582] .65127| .44799]7 .65337| .45016 
9.64919 | .4458619.65130 | .4480319.65340] .45020 
.64923 | .44589 7 .65134| .44806] .65344] .45023 
-64926 | .44593]7 .65137| .44810]7 .65347| .45027 
.64930 | .44596]7 .65141| .44813] .65351] .45030 
9.64934 | .446001 9.65144 | .4481719.65354 | .45034 
.64937 | .44604] .65148| .44821] .65358] .45038 
64941 | .44607] .65151| .44824] .65361| .45041 
64944 446117 .65155| .44828] .65365| .45045 
9.64948 | .4461419.65)58 | .4483119.65368 | .45048 | 9.65577 
64951 | .44618] .65162| .44835§ .65372} .450521 .65580 
64955 | A46227 .65165| .448391 .65375| .45056] .65584 
.64958 | 44625] .65169| .44842]7 .65378 | .450591 .65587 
9.64962 | .4462919.65172 | .4484619.65382 | .45063 1 9.65591 
64965 | 44633] .65176| .448507 .65385| .45067] .65594 
.64969 | .44636) .65179| .448537 .65389| .450701 .65598 
.64972 | 446407 .65183 | .44857] .65392| .450747 .65601 
9.64976 | .4464319.65186 | .4486019.65396 | .45077 | 9.65605 
64979 | 446479 .65190|] .44864]7 .65399| .45081 7 .65608 
.64983 | 44651] .65193 | .44868] .65403| .45085]9 .65612 
.64986 | .446549 .65197| .44871] .65406| .45088]7 .65615 
9.64990 | .4465819.65200| .4487519.65410| .45092 | 9.65619 
64993 | 44661] .65204) .44878— .65413 | .45086] .65622 
.64997 | 44665] .65207| .44882] .65417| .450997 .65625 
.65000 | .44669 7 .65211] .448869 .65421/ .45103]7 .65629 
9.65004 | .4467219.65214 | .4488919.65424 | .45106 
.65007 | 446767 .65218| .44893] .65427| .45110] .65636 
65011 | 44680] .65221| 48977 65431] .45114] .65639 
65014 | 44683} .65225| 449007 65434] .451177 .65643 
9.65018 | 44687 19.65228 | .4490419.65438 | .45121 | 9.65646 
65021 | .446901 .65232| .44907] .65441] .451241 .65650 
65025 | 4486947 .65235| 449117 .65445| .45128] .65653 
65028 | .44698] .65239| .44915] .65448!] .45132§ .65657 
9.65032 | 447011 9.65242 | .4491819.65452 | .45135 | 9.65660 
65035 | 44705] .65246 | .449229 .65455| .451397 .65664 
.65039 | 44708] .65249| .449259 .65459! .45143] .65667 
65043 | 47127 165253 | .44929] .65462) .45146] .65671 
9.65046 | 449716 19.65256 | .44933 19.65466 | .45150 | 9.65674 
65050 | 44719] .65260} .4493697 .65469) .45153] .65677 
65053 | 447234 .65263 | .449407 .65473 | .45157] .65681- 
.65057 | 449279 .65267| 449449 .65476| .45161 7 .65684 
9.65060 | .4473019.65270| .4494719.65480| .45164 1 9.65688 
65064 | 44734] .65274| 449511 .65483] 45168] .65691 
65067 | 44737] .65277| 44954] .65486| .45172] .65695 
65071 | 447419 .65281| .44958] .65490| .45175] .65698 
9.65074 | 44745 19.65284 | .4496219.65493 | .45179 1 9.65702 
.65078 | 44748] .65288 | .44965) .65497| .45182] .65705 
65081 | 447529 .65291 | .44969] .65500| .45186] .65709 
65085 | 44755] .65295| .449739 .65504! .451909 .65712 
9.65088 | 44759 19.65298 | .4497619.65507 | 1.45193 | 9.65716 
-65092 | 44763] .65302| .449809 .65511] .45197] .65719 
65095 | 447667 .65305| .4498%7 .65514| .452009 .65722 
65099 | 447709 .65309 | .449879 .65518| .452041 .65726 
9.65102 | .4477419.65312 | .4499119.65521 | .45208 | 9.65729 
18h 24m 18h 23m 18h 22m 


ee 9 | ee 8 re | ee 


5h 38m 84° 80’ 


9.65632 | 45324 


045208 


045410 
045414 
045418 
045421 


045425 


18h g1m 


[Page 823 


5h gm 84° 45’ 
Nat. Havj Log. Hav.| Nat. Hav s 


9.65729 
.65733 
.65736 
.65740 

9.69743 
.65747 
.65750 
.65754 

9.69797 
65761 
.65764 
65767 

9.65771 
-65774 
.65778 
.65781 


9.65785 


.65788 
.65792 
65795 


9.65799 
65802 
.65806 
.65809 

9.65812 
.65816 
.65819 
65823 

9.65826 
.65830 
.65833 
65837 

9.65840 
.65844 
.65847 
.65850 

9.65854 
.65857 
65861 
.65864 

9.65868 
65871 
65875 
.65878 

9.65881 
658895 
.65888 
.65892 

9.65895 
65899 
.65902 
.65906 

9.65909 
65913 
65916 
.65919 

9.65923 
£65926 
.65930 
65933 


9.65937 


FREE ERE 


: 


45577 


45581 


45595 


45599 


45606 


60 
59 
58 
57 
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Page 324] TABLE 34. 


Haversines. 


| 5h 40m 85° | 5h 41m 85° 157 | 5h 42m 85° B07 | 5A 45m 85° 45’ 


8 Nat. Hav4 Log. Hav.| Nat. Havj Log. Hav.) Nat. Havdj Log. Hav.} Nat. Hav4 Log. Hav.) Nat. Hav 
0 9.66143 | 458601 9.66348 |} 46077 1 9.66553 | 46205 | 9.66757 
1 .66146 | .45863 46298 
2 .66150 | .45867 246302 
8 .66153 | .45870 46305 
+ IW 7 9.65950 9.66157 | .45874 246309 
5 -66160 | .45878 -46313 
6 66164 | .45881 46316 
vf 66167 | .45885 46320 
+ 9.66170 | .45889 046324 
9 66174 | .45892 46327 
10 66177 | .45896 46331 
11 66181] 45899 46334 
+ 9.66184 | 45903 046338 
18 .66188 | 45907 of6342 
14 -66191 | .45910 46345 
15 .66194 | .45914 46349 
+ & 1 9.65992 9.66198 | .45918 046353 
17 .66201 | 45921 46356 
18 66205 | 45925 46360 
19 66208 | .45928 46363 
+ 9.66212 | .45932 046367 
21 66215 | .45936 46371 
£22 -66218 | 45939 046374 
238 .66222 | 45943 46378 
‘ 9.66225 | 45947 046382 
25 < 45950 046385 
26 4 045954 46389 
27 ; 045957 46392 
+ VW 1 9.66033 045961 046396 
29 045965 of GA06 
30 045968 46403 
$1 045972 46407 
+ & 45976 046411 
&3$ 45979 46414 46632 
84 045983 46418 £6636 
85 45986 046421 46636 
+ § 045990 046425 A6643 
87 045904 046429 46646 
88 045997 046432 046650 
89 46001 46436 46654 
+ 1 46005 of 6440 «46657 
41 46008 46443 46661 
42 046012 46447 46665 
43 46015 46451 46668 
+ 11’ : 46019 046454 046672 
45 : 46023 46458 046675 
46 ‘ 46026 46461 46679 
47 ; 46030 046465 46683 
+ 12 19.66102 046034 46469 
49 : 46037 AG472 
50 46041 46476 
§1 46044 46480 
+ 13719. 45831 46048 46483 
58 : ° 046052 046487 
54 j e A6055 46490 
55 ; ° 46059 46494 
+ 14 19.66129 46063 9.66539 ; 046498 
57 ; 0460661 .66543 P 046501 
58 46070] .66546 : 046505 
59 460731 .66550 : 046509 
+ 046077 1 9.66553 | 46295 19.66757 | 46512 | 9.66959 
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Haversines. 


5h 46™ 86° 30’ | 5h 47m 96° 45’ | 5A 48m 87° O F 5h 49™ 87° 15/ 
.| Nat. HavJ Log. Hav. Nat. Hav Log. Hav.| Nat. Havj Log. Hav.| Nat. Havd Log. Hav.] Nat. Hav 


A6730 | 9.67161 | 46948 | 9.67362 | 47165] 9.67562 | 473831 9.67762 | 47601 
67165 | 46951] .67366| 47169] .67566| 47387 .67765| £7605 
67168 | 6955] .67369| 47173] .67569| .47390] .67768| .47608 
67171 | 46958] .67372| 47176] .67572| .47304] .67772| .47612 
9.67175 | .46962 1 9.67376 | .47180]9.67576 | .47398 | 9.67775 | 47616 
67178 | A6966] .67379| 47184] .67579| .47401] .67778| 47619 
67181 | 46966] .67382| .47187] .67582] .47405] .67782| £7623 
67185 | 46973] .67386| 47191] .67586| .47409] .67785| 47627 
9.67188 | 46977 1. 9.67389 | .4719419.67589 | .474121 9.67788 | 47630 
-67192 | .46980] .67392| .47198] .67592| A7416] .67792| A734 
67195 | 46984] .67396| 47202] .67596| .47420] .67795| 47637 
67198 | 46987] .67399| .47205] .67599] 47423] .67798] 47641 
9.67202 | 46991 1 9.67402 | .4720919.67602 | .4742719.67801 | 47645 

67205 | 46995] .67406| .47213] .67606} 47430] .67805| 47648 

67208 | 46998] .67409| .47216] .67609| 47434] .67808| 47652 

67212 | 47002) .67412| 47220] .67612| 47438] .67811] .47656 

9.67215 | 47006 19.67416 | .4722319.67616 | .4744119.67815| .47669 
67218 | 47009] .67419| .47227] .67619| £7445] .67818] 47663 

67222; A7013] .67422! 47231] .67622| 47449] .67821| 47666 

67225 | £7017] .67426| 47234] .67626| .47452] .67825| 47670 

9.67228 | 470201 9.67429 | .47238} 9.67629 | .4745619.67828 | 47674 
67232 | ATOZ4] .67432] 47242] 67632] 47459] .67831 | 47677 

67235 | 47027] .67436 | 47245] .67636| £7463] .67835 

67238 | £7031] .67439 | 47249] .67639] 47467] .67838 

9.67242 | 47035 1 9.67443 | .472521 9.67642 | 47470 | 9.67841 
67245 | £7088] .67446| .47256] .67646| 47474] .67844 

67249 | £7042] .67449| 47260] .67649| £7478] .67848 

67252 | £7046) .67452] 47263] .67652| 47481] .67851 

9.67255 | £7049 1 9.67456 | 47267 1 9.67656 | 47485 | 9.67854 
87259 | A7O53] .67459 | ATZ7L] .67659| 47489] .67858 

67262 | £7656] .67462| 7274) .67662| .47492] .67861 

67265 | £7060] .67466] .47278] .67666} .47496] .67864 

9.67269 | .£4706419.67469 | .4728219.67669 | 47499 | 9.67868 
67272 | £7667] .67472| AT285] .67672| 47503] .67871 

67275 | £7071] .67476 | 47289] .67675| 47507) .67874 

67279 | 47075] .67479 | 7292] .67679| 47510] .67878 

9.67282 | 47078 1 9.67483 | .47296 1 9.67682 | .47514 | 9.67881 
67285 | £7682] .67486| .47300] .67685| .47518] .67884 

67289 | £7086] .67489| .47303] .67689| 47521] .67887 

67292 | £7089] .67493 | .47307] .67692| .47525] .67891 

9.67295 | 47093 19.67496 | 47311 | 9.67695 | 47528 | 9.67894 
67299 | £7086) .67499] .47314] .67699| 47532] .67897 

67302 | 47100] .67503 | .47318} .67702| 47536] .67901 

67305 | £7104] .67506| 47321] .67705| .47539] .67904 

9.67309 | 47107 ]9.67509 | .47325 9.67709 | .47543 | 9.67907 
67312) ATUL] 67512] 47329] .67712| 47547] .67911 

67315 | 7115] .67516| 47332] .67715| .47550] .67914 

67319 | 47118} .67519| 47336] .67719| 47554] .67917 

9.67322 | .£4712219.67522 | .47340 1 9.67722 | .47558 | 9.67920 
67326 | AT125 9 67526) 47343] .67725| A7561] .67924 

67329 | 71297 .67529| 49347] .67729| 47565] .67927 

67332 | 47133] .67532 | 47351] .67732| 47568] .67930| 47786 

9.67336 | 47136] 9.67536 | .47354] 9.67735 | 47572 1 9.67934 | .47790 
67339 | 47140] .67539| 47358] .67738 | 47576) .67937 | 47794 

67342 | A7144] 67542] 473617 .67742| .47579] .67940| 47797 

67346 | 47147] .67546 | .47365] .67745| 47583] .67944| .47801 

9.67349 | .4715119.67549 | .4736919.67748 | .47587 1 9.67947 | 47805 
67352 | 47155] .67552| 47372] .67752| 47590] .67950| .47808 

67356 | .47158] .67556| 47376] .67755| 47594] .67953| 47812 

67359 | 471629 .67559 | .473809 .67758| 47597] .67957 | .47815 

46948 | 9.67362 | .47165 1 9.67562 | .4738319.67762 | .4760119.67960 | .47819 
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Page 326] TABLE 34. 

Haversines. 
5h. 50™ 87° 30’ 5h 51™ 87° 45/ 5h 52M 88° & 5h 53™ 88° 15/ 
8 Log. Hav.| Nat. Hav] Log. Hav.) Nat. Havd Log. Hav.| Nat. Hav] Log. Hav.) Nat. Hav 
0 9.67960 | 47819 | 9.68158 9.68354 | .4825519.68550 | .48473 
1 .67963 | 478231 .68161 .68358 | .48259] .68553 | 48477 
2 .67967 | 478269 .68164 -68361 | .48262] .68557| .48480 
8 67970 | 47830] .68167 .68364 | .48266] .68560| .48484 
+ I | 9.67973| .47834] 9.68171 9.68367 | .48269]19.685€3 | .48488 
] .67977 | £78374 .68174 .68371 | 48273} .68566| .48491 
6 .67980 | £7841] .68177 68374 | 48277] .68570| .48495 
ee f .67983 | 47844] .68181 .68377 | 48280] .68573| .48499 
+ 2 19.67986) .47848 1 9.68184 9.68380 | .4828419.68576 |] .48502 
9 -67990 | 47852] .68187 .68384 | 48288] .68579| .48506 
10 .67993 | £78557 .68190 .68387 | 48291] .68583 | .48509 
11 67996 | 47859] .68194 .68390 | 48295] .68086 | .48513 
+ 93 19.68000| .47863 | 9.68197 9.68393 | 48299 19.68589 | .48517 
1$ .68003 | 478667 .68200 .68397 | 48302] .68592 | .48520 
14 .68006 | .47870] .68204 .68400 | .48306]7 .68596 | 48524 
15 -68010 | .47874] .68207 .68403 | .48310] .68599 | .48528 
+ 4 19.68013| .47877 1 9.68210 9.68407 | .48313}9.68602 | .48531 
17 .68016| 47881) .68213 .68410 | .48317 7 .68605| .48535 
18 .68019 | 47884] .68217 .68413, .48320]7 .68609, .48538 
19 68023 | 47888] .68220 .68416 | .483244% .68612| .48542 
+ 68 79.68026| .4789219.68223 | .48110 ° 9.68420 | .4832819.68615 | 48546 
21 -68029 | 47895] .68227| 48113] .68423| .48331] .68618; .48549 
22 .68033 | 47899] .68230| .48117] .68426| .48335] .68622| .48553 
28 .68036 | 47903] .68233 | .48121] .68429| .48339]7 .68625| .48557 
9.68039 | 47906 [9.68236 | .4812419.68433 | .4834219.68628 | .48560 
25 -68042 | .47910] .68240| .48128] .68436| .48346] .68631| .48564 
26 .68046 | £7913] .68243 .68439 | 48350] .68635] 48568 
27 -7 .68049| 479177 .68246 .68442 | 48353] .68638| .48571 
+ VW 19.68052| .47921 1 9.68249 9.68446 | 48357 19.6864] | .48575 
29 -68056 | 47924] .68253 | .48142] .68449| .48360]7 .68644| .48578 
30 68059 | £7928] .68256| 481467 .68452| 48364] .68648 | .48582 
31 -68062 | .47932§ .68259 | .48& .68456 | 48368] .68651 | .48586 
+ 87 19.68066 | .4793519.68263) . 9.68459 | 1.48371 | 9.68654 | .48589 
8S .68069 | .47939]7 .68266| .48157] .68462| .48375] .68657| .48593 
34 .68072 | £7943] .68269 .68465 | .48379] .68661} .48597 
35 .68075 | 47946] .68272 .68469 | .48382] .68664; .48600 
+ 9% 19.68079| .47950 | 9.68276 48386 | 9.68667 | .48604 
37 -68082 | 47953] .68279| .48171 -48389 | .68670| .48608 
38 -68085 | .47957] .68282| .48175 o48393 | .68674 | .48611 
39 .68989 | 47961] .68286| .48179 048397 | .68677 | .48615 
+. 10 1 9.68092 | .4796419.68289 | .48182 -48400 1 9.68680 | .48618 
41 -68095 | 47968] .68292]| .48186 48404] .68683 | .48622 
42 .68098 | 4797241 .68295 -48408 | .68687 | .48626 
48 .68102 | 47975] .68299 48411] .68690 | .48629 
+ 11719.68105| .47979 | 9.68302 9.68498 |} .48415 | 9.68693 | .48633 
45 68108 | .47983§ .68305| .48201]7 .68501| .48419] .68696 | .48637 
46 68112 | 47986] .68308 | .482047 .68504| .48422] .68700| .48640 
__ 47 68115 | .47990] .68312| .48208] .68508| .484267 .68703| .48644 
+ 12 [9.68118] .47993)9.68315 | .482119 9.68511 | .4842919.68706 | .48648 
49 68121 | 47997] .68318} 48215] .68514| .48433] .68709| .48651 
50 .68125 | 480017 .68322 68517} 48437] .68713 | .48655 
51 .68128 | .480047 .68325 68521 | 48440] .68716| .48658 
+ 13’ [9.68131 | .48008]9.68328 | .4822619.68524 | .4844419.68719 | .48662 
58 .68135 | 480127 .68331 | .48230] .68527| 48448] .68722| .48666 
54 .68138 | 48015] .68335 .68531 | 48451] .68726| 48669 
55 .68141 | 48019} .68338 .68534 | 48455] .68729; .48673 
+ 147 [9.68144 | .48022 | 9.68341 | 48241 | 9.68537 | .48459 1 9.68732 | 48677 
57 .68148 | 48026] .68344| .48244] .68540| .48462] .68735| .48680 
58 68151 | .48030] .68348 68544 | 48466 .68739| .48684 
59 .68154 | .48033] .68351 .68547 | .48469]7 .68742| .48688 
+ 9.68158 | 48037 | 9.68354 48473 [9.68745 | .48691 


18h 6m 


5h 54™ 88° 80’ 


9.68745 
.68748 
68751 
.68755 

9.68758 
-68761 
.68764 
-68768 

9.68771 
.68774 
68777 
.68781 

9.68784 
.68787 
68790 
.68794 

9.68797 
-68800 
-68803 
-68806 


9.68810 


.68813 
.68816 
-68820 
9.68823 
68826 
.68829 
.68832 
9.68836 


.68858 
9.68862 
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TABLE 34. 
Haversines. 
5h 55m 88° 45 5h 56™ 89° & 5h 57m 89° 15/ 5h §8m 89° WY 
Log. Hav.] Nat. Havd Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav 
9.68939 | 48909 |. 9.69132 | 49127 19.69325 | .4934619.69516 | 49564 
68942 | 48913 § .69136 | 49131] .69328| .49349% .69520 
.68946 | 48917] .69139 | 49135] .69331 | .49353] .69523 
.68949 | .48920] .69142 | .49138 7 .69334) .493561 .69526 a, 
9.68952 | 48924 19.69145 | .49142 19.69338 | .49360 1 9.69529 
.68955 | 48927] .69148 | .49146] .69341) .49364}) .69532 
.68958 | 48931] .69152 | .49149] .69344] .49367] .69535 
.68962 | .48935 7 .69155 | .49153] .69347| .49371 17 .69539 
9.68965 | 48938 19.69158 | .49156 1 9.69350 | .49375 1 9.69542 
.68968 | 48942] .69161 | .49160) .69354] .49378 1 .69545 
68971 | 48946] .69164| .49164] .69357 | .49382— .69548 
.68975 | .48949]7 .69168 | .49167] .69360| .49386]7 .69551 
9.65978 | 48953 19.69171 | 4919711 9.69363 | 49389 19.69555 
.68981 | .48957] .69174 | .49175] .69366 | .493939 .69558 
68984 | .48960] .69177 | .491781— .69370) .493961 .69561 
.68988 | 48964] .69181 | .49182] .69373 | .49400] .69564 
9.68991 | 48967 §9.69184 | .49186'9.69376 | .49404 | 9.69567 
.68994 | 48971] .69187 | .49189] .69379| .49407 1 .69570 
.68997 | .48975] .69190| .49193] .69382 | .49411] .69574 
.69000 | 48978] .69193 | .49196] .69386 | .49415] .69577 
9.69004 | .48982 19.69197 | .49200 19.69389 | .49418 1 9.69580 
.69007 | 48986] .69200 | .49204] .69392 | .494221 .69583 
.69010 | 48988] .69203 | .49207 17 .69395 | 49426) .69586 
.69013 | .48993] .69206| .492111 .69398 | .49429] .69590 
9.69017 | .48997 19.69209 | .4921519.69402 |} .49433 1 9.69593 
-69020 | 49000] .69213 | .49218] .69405| .49436] .69596 
.69023 | 49004] .69216| .49222] .69408 | .49440 69599 
.69026 | 49007] .69219 | .492267 .69411] .49444] .69602 
9.69029 | 49011 19.69222 | .4922919.69414 | 49447 1 9.69605 
.69033 | .49015— .69225| .49233] .69417] .49451 69609 
.69036 | 49018] .69229 | .49236— .69421 | .494551 .69612 
.69039 | 49022] .69232 | .49240] 69424) .49458]7 .69615 
9.69042 | 49026 19.69235 | .4924419.69427 | .49462 1 9.69618 
.69046 | 49029] .69238 | 4979471 .69430|] 49465) .69621 
69049 | 49033 .69242 | .49251] .69433 | 49469] .69625 
.69052 | 490367 .69245] .49255]7 .69437 49473] .69628 | 49691 
9.69055 | 49040 19.69248 | .4925819.69440 | .4947619.69631 | .49695 
.69058 | 49044] .69251 | 49262) .69443 | .49480]7 .69634 | .49698 
.69062 | 40047] .69254 | .49266§ .69446 | .49484] .69637) .49702 
69065 | 490517 .69258 | .49269] .69449| .494871 .69640/| .49705 
9.69068 | 49055 [9.69261 | .49273 | 9.69453 | 494911 9.69644 | .49709 
69071 | .49058] .69264 | .49276] .69456 | 494954 .69647| .49713 
69074 | 49062] .69267 | .49280] .69459 | 49498] .69650) .49716 
.69078 | 490669 .69270| .49284] .69462 | .49502]1 .69653 | .49720 
9.69081 | 49069 §9.69274 | .49287 19.69465 | .4950619.69656 | .49724 
.69084 | 49073] .69277 | 49291] .69469 | .49509] .69659 | 49727 
.69087 | 490767 .69280 | .49295] .69472 | .49513] .69663 | .49731 
.69091 | .490804 .69283 | .49298 1 .69475| .49516] .69666 | .49735 
9.69094 | 49084 19.69286 | .49302 3} 9.69478 | .4952019.69669 | .49738 
69097 | .49087] .69290 | .49306] .69481 | .49524]1 .69672 | .49742 
.69100 | 490919 .69293| .49300— .69484/] .49027] .69675| .49745 
.69103 | 49095] .69296 | .49313] .69488 | .49531] .69678 | 49749 
9.69107 | 49098 |9.69299 | .49316 19.6949] | .4953519.69682 | 49753 
69110 | 49102} .69302 | .49320] .69494; 49538] .69685 | .49756 
69113 | 491064) .69306! 49324] .69497 | .495421 .69688 | .49760 
G9116 | .49109] .69309 | .49327] .69500; .49545] .69691 | 49764 
49113 | 9.69312 | .4933119.69504 |; 49549 19.69694 | 49767 
69123 | 49116] .69315 | 49335] .69507 | .49553] .69698 | 49771 
69126 | .491207 .69318 | .493387 .69510 | .49556] .69701| .49775 
69129 | 491249 .69322 | AS93429 .69513 | .49560] .69704 | 49778 
9.69132 | 49127 19.69325 | .4934619.69516 | .4956419.69707 | 49782 


9.69720 
69723 
69726 
.69729 

9.69732 
.69736 
.69739 
.69742 

9.69745 
.69748 
.69751 
.69755 

9.69758 
.69761 
.69764 
.69767 


9.69770 


69774 
69777 
69780 
9.69783 
69786, 
.69789 
69793 
9.69796 
69799 
.69802 
693805 
9.69808 
69812 
69815 
69818 


9.69821 i3 


69824 
69827 
69831 
9.69834 
69837 
.69840 
69843 
9.69846 
69850 
69853 
69856 
9.69859 
69862 
69865 
69869 
9.69872 
69875 
.69878 
69881 
9.69884 
69888 
69891 
69894, 
9.69897 


18h om 


be 
ates: & OV Go| O OS 


Co 7 a © 


mw iv 


Log. Hav.| Nat. Hav4 Log. Hav.! Nat. Hav 
9.69897 | .60000 1 9.70086 
-69900 -70089 
.69903 -70092 
.69906 .70096 
9.69910 9.70099 
.69$13 -70102 
.69916 .70105 
.69919 70108 
9.69922 9.70111 
.69925 40114 
.69929 .70118 
69932 70121 
9.69935 9.70124 
.69938 .70127 
-69941 -70130 
.69944 .70133 
9.69948 9.70136 
69951 .70140 
69954 70143 
69957 .70146 
9.69960 9.70149 
69963 .70152 
69966 .70155 
69970 .70158 
9.69973 9.70161 
.69976 .70165 
.69979 .70168 
.69982 .70171 
9.69985 | 60102 1 9.70174 
.69988 .70177 
.69992 .70180 
.69995 .70183 
9.69998 9.70187 
-70001 .70190 
-70004 70193 
.70007 .70196 
9.70011 9.70199 
.70014 70202 
70017 .70205 
.70020 -70209 
9.70023 9.70212 
70026 .70215 
70029 .70218 
.70033 .70221 
9.70036 9.70224 
.70039 .10227 
.70042 .70230 
.70045 .710234 
9.70048 9.70237 
.70051 .70240 
.70055 .10243 
.70058 .70246 
9.70061 9.70249 
.70064 .70252 
.10067 .70256 
.70070 .70259 
9.70074 9.70262 
.70077 .70265 
-70080 .70268 
.70083 .70271 
9.70086 | 60218 1 9.70274 
17h 59m 


9.70349 
70353 
.70356 
70359 

9.70362 


9.70374 
70378 
70381 
70384 

9.70387 


-50389 | .70421 
50396 | .70427 
50400 | .70431 
50404 | .70434 
50407 | 9.70437 
504117 .70440 
50415] .70443 
50418 | .70446 
50422 1 9.70449 
50425 | .70452 
50429 | .70456 
50433 | .70459 
60436 | 9.70462 


Gh em 90° 30’ 


50574 | 9.70537 
50527 | .70540 
50531) .70543 
50534] .70546 
-50538 | 9.70549 
50542 | .70552 
60545 | .70555 
50549 | .70558 
60553 | 9.70561 
50556 | .70565 
50560 f .70568 
50534 | .70571 

9.70574 

70577 


9.70586 
70589 
.70593 
.70596 

9.70599 
70602 


Gh sm 90° 45/ 


SQ VLVswsse | 


BSRESS 


SNSSSRIAVRSAlssegiaeeshssesiraeat 


——$_—_ 


Gh §m 91° 15/ 


Log. Hav.| Nat. Hav Log. Hav. 


9.70859 
.70862 
70865 
.70868 

9.70871 
70874 
.10877 
70881 

9.70884 
70887 
.70890 
.70893 

9.70896 
.70899 
.70902 
-70905 

9.70908 
70911 
70914 
.70918 

9.70921 
.70924 
70927 
.70930 

9.70933 
.70936 
.70939 
70942 

9.70945 


9.70982 
-70985 
.70988 
.70992 

9.70995 
-70998 
71001 
.71004 

9.71007 
-71010 
71013 
-71016 


1091 
51094 
$1608 


_ 1102 


51105 
51169 
$1113 
51116 
51120 
51123 
1127 
«51131 
$1134 
51138 
1142 


61145 


9.71019 
71022 
71025 
71028 

9.71032 
71035 
-71038 
71041 

9.71044 
.71047 
.71050 
.71053 

9.71056 
-71059 
71062 
.71065 

9.71068 
71072 
71075 
.71078 

9.71081 
-71084 
71087 
.71090 

9.71093 
-71096 
-71099 
.71102 


9.71105 


-71108 
71111 
.71114 
9.71118 
71121 
71124 
71127 


9.71130 


71133 
.71136 
.71139 
9.71142 
71145 
.71148 
71151 
9.71154 
71157 
71161 
.71164 


9.71167 
.71170 
71173 
.71176 

9.71179 
71182 
71185 
.71188 

9.71191 
.71194 
71197 
-71200 


73 a71203 


17h 53m 


51369 
51312 
1316 
51320 
1323 
1327 
$1331 
51334 
-61338 
$1342 
51345 
$1349 
51352 
51356 
-51300 


$1411 
1414 
51418 
051422 
51425 
51429 
51432 
51436 
51440 
-61443 
51447 
51451 
51454 
51458 
51462 
51465 
51469 
1472 
51476 
51480 
51483 
1487 
1491 
51494 
-51498 
1501 
«51505 
-51508 
51512 
-51516 
51520 
-51573 
51527 


9.71203 
-71206 
.71210 
.71213 

9.71216 
71219 
71222 
71225 

9.71228 
71231 
71234 
71237 

9.71240 
.71243 
.71246 
.71249 

9.71252 
.71255 
-71259 
71262 

9.71265 
.71268 
71271 
71274 

9.71277 
71280 
.71283 
-71286 

9.71289 
71292 
.71295 
71298 

9.71301 
-71304 
.71307 
71311 


9.71314 ; 


£71317 
-71320 
71323 
9.71326 
71329 
.71332 
.71335 
9.71338 
71341 
71344 
-71347 
9.71350 
71353 
71356 
71359 
9.71362 
.71365 
71369 
11372 
9.71375 
71378 
71381 
.71384 
9.71387 


-51607 
51611 
51614 
-51618 
-51621 
51625 


17h 5em 


9.71387 
.71390 
71393 
.71396 

9.71399 
.71402 
.71405 
.71408 

9.71411 
71414 
.71417 
-71420 

9.71423 
.71426 
-71430 
.71433 

9.71436 
.71439 
.71442 
.71445 

9.71448 
71451 
.71454 
.71457 

9.71460 
.71463 
.71466 
.71469 

9.71472 
.71475 
.71478 
.71481 

9.71484 
.71487 
-71490 
-71493 


9.71496 


.71500 
.71503 
.71506 
9.71509 
71512 
71515 
71518 
9.71521 
-71524 
-71527 
.71530 
9.71533 
.71536 
71539 
71542 
9.71545 
71548 
71551 
71554 
9.71557 
71560 
71563 
-71566 
9.71569 


homo amee 


Nat. Hav4 Log. Hav.) Nat. Havd Log. Hav. 


Nat. Hav 


51745 
51749 
51752 
51756 
51766 
51763 
51767 
51770 
51774 
51778 
1781 
-51785 


-51810 
51818 


6h gm 92° 15’ 
Log. Hav.) Nat. Hav 


9.71569 
71572 
71575 
71579 


9.71582 
.71585 
.71588 
.71591 

9.71594 
.71597 
.71600 
.71603 

9.71606 
.71609 
.71612 

-71615, 

9.71618 
.71621 
.71624 
.71627 

9.71630 
.71633 
.71636 
71639 

9.71642 

— .71645 
.71648 
71651 

9.71654 
-7 1657 
-71660 
.71663 

9.71666 
.71670 
.71673 
.71676 

9.71679 
.71682 
-71685 
.71688 

9.71691 
.71694 
.71697 
.71700 


9.71703 | ° 


.71706 
.71709 
‘T1712 


9.71715 |’ 


*.71718 | ; 


71721 
T1724 
9.71727 
.71730 
.71733 
.71736 
9.71739 
.71742 
.71745 
.71748 
9.71751 


Page 330] TABLE 34. 
Haversines. 
6h 10m 92° 30 Gh 11m 92° 45/ | 6h 12m 93° WY Gh 18m 93° 15/ 6h 14m 93° 30/ 
8 Log. Hav.| Nat. Havd Log. Hav.] Nat. Havd Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav Log. Hav.| Nat. Havg 8 
0 9.71751 | 621811 9.71932 | .6239919.72112| .6261719.72292| .5283519.72471| .530521 60 
1 .71754| .621851 .71935| .5624031 .72115| 52620] .72295| .528388] .72474| .53056] 59 
2 .73757 | 62188] .71938| .562406] .72118| 52624] .72298| .528424 .72476| .530601 58 
3 .71760 | 52492} .71941| 62410] .72121| .52628] .72301| 52846] .72479| .53063] 57° 
+ 17 79.71763| .6219619.71944 | .6241319.72124 | .6263119.72304| .628491.9.72482| 53067 | 56 
5 .71766 | 62199] .71947| .52417] .72127| 52635] .72307| 52853] .72485| 530711 55 
6 .71769 | 62203] .71950] .52421] .72130| .52639] .72310| .52856] .72488| .530741 54 
7 71772 | 52206] .71953 | 62424] .72133| 52642] .72313| 52860] .72491| 530785 53° 
+ 9.71776 | .6221019.71956| .624281 9.72136 | .6264619.72316| .5286419.72494| 53081] 52 
9 .71778 | 622149 .71959| .52432] .72139| 52649] .72319| .52867] .72497| .53085] 51 
10 .71781 | 62217] .71962| .62435 7 .72142] 52653] .72322| .62871] .72500| .53089] 50 
11 .71784 | 52221} .71965! .62439] .72145| 52657] .72325| .62875] .72503| 53082} 49 
+ 8 19.71787| .6222519.71968| .6244219.72148 | .5266019.72328| .5287819.72506 | 53096] 45 
13 .71791 | 62228] .71971| .624464% .72151| 562664) .72331| 52882] .72509| 53100] 47 
14 .71794| 62232] .71974| .62450] .72154] .52668) .72334| 52885] .72512| 63103] 46 
15 .71797 |_ 52235] .71977 | 62453] .72157| 52671] .72337| .52889} .72515| 63107] 45° 
+ 47 19.71800| .5223919.71980 | .6245719.72160| .6267519.72340| .5289319.72518| .53110] 44 
17 .71803 | .52248]° .71983| 52461] .72163| .62679] .72343| 62896] .72521| S31id] 4s 
18 .71806 | 52246] .71986| .524641 .72166| 52682) .72346| .52900] .72524] S3118] 42 
19 71809 | 52250] .71989| 524681 .72169| .52688] .72349| .52004] .72527| 53921] 41 
+ 8 19.71812| .6225419 71992] .6247219.72172| .6266919.72352 | .5290719.72530| 631251 40 
21 71815 | 62257] .71995| .62475 1 .72175| 62693) .72354| .5290n) .725 531291 39 
22 .71818 | 622611 .71998| .524791 .72178| .82697] .72357| .62915] .72536| 63132] 38 
28 .71821 | 622641 .72001| .52482] .72181| .52700] .72360| 62018] .72539| .53136] $7 
+ 6’ [9.71524] .6226819.72004| .6248619.72184| .6270419.72363 | .6292219.72542| .53140] sé 
25 .71827 | 622721 .72007| .52490] .72187| 527081 .72366| 62925) .72545| S3143] 35 
26 .71830 | 522751 .72010| .524931 .72190| .52711] .72369| .52929) .72548) 53147] $4 
27 .71833 | .62279] .72013| .524971 .72193| .52715] .72372| .52933] .72551| .63150] ss 
+ 97 19.71836 | .6228319.72016 | .6250119.72196 | .6271819.72375| .6293619.72554| .53154] s2 
29 .71839 | 62286) .72019| .52504] .72199| .527221 .72378| .620404 .72557| 53158] $1 
30 .71842 | .52290] .72022| 52508] .72202| .527261 .72381| .62944] .72560| .83161] so 
$1 71845 | 622941 .72025! .52541] .72205| .527294 .72384| .529471 .72563| 53165] 29 
+ 87 179.71848 |} .6229719.72028| .6251519.72208| .5273319.72387 | .5295119.72565 | .53169T 28 
38 .71851 | 62301] .72031| .52519] .72211| .527371 .72390| 629541 .72568| 53172] 27 
84 .71854 | 623041 .72034| .625224 .72214| 52740] .72393| .62058] .72571| 53176] 26 
85 .71857 | 623081 .72037| 52526] .72217| 527441 .72396| .52062] .72574| 53179] 25 
+ 9 49.71860} .5231219.72040| .6253019.72220| .5274819.72399 | .6296519.72577| 53183] 24 
87 .71863 | 62315] .72043| .62533] .72223| 62751] .72402| 62969] .72580| .563187] 23 
88 71866 | 623191 .72046| .625371 .72226| 627551 .72405| .62973]1 .72583| 63190] c¢ 
89 .71869 | .523231 .72049! 52541] .72229| .627581 .72408| .629761 .72586| .63194] 27 
+ 10 19.71872| .5232619.72052 | .6254419.72232 | .6276219.72411| .5298019.72589 | .531981 20 
41 71875 | 62330] .72055| 52548] .72235| .52766] .72414] .520831 .72592| 63201] 79 
42 .71878 | .623$49 .72058| 52551] .72238| 627691 .72417| .529871 .72595| £3205] 18 
48 .71881 | 52337] .72061 | .62555] .72241| 52773] .72420| 52091] .72598| 532089 17 
+ 197 79.71884 | .6234119.72064 | .6255919.72244 | .6277619.72423| .5299419.72601| 53212] 76 
45 .71887 | .5623441 .72067| 82562] .72247| .62780] .72426) 529981 .72604| 532169 15 
46 .71890| .523484 .72070| 52566] .72250| 527849 .72429!| .530024 .72607) 53219] /4 
47 71893 | .52352] .72073| .52570] .72253] .62787] .72432| 530054 .72610| 53223] 78 
+ 127 [9.71896 | .623551]9.72076 | .62573 1 9.72256 | .52791 1 9.72435 | .53009 | 9.72613 | 63227] 12 
49 71899 | .62359) .72079| .62577] .72259] .527951 .72438| .530131 .72616] 532304 11 
50 .71902| 52363] .72082| 52580] .72262] .52798] .72441| .53016 532341 10 
51 .71905 | .623669 .72085| .52584] .72265| .528021 .724441 .53020 532381 9 
+ 137 19.71908 | .6237019.72088 | .62588 1 9.72268 | .62806 | 9.72447 | .53023 532417 8 
58 71911] .523731 .72091| .62591] .72271| .628091 .72450| .53027 532451 7 
54 .71914] .562377— .72094| .52595] .72274| .62813] .72453| 53031 53ASI 6 
55 .71917| .52381 9 .72097| .52599] .72277| .528164 .72456| .53034 532521 5 
+ 147 19.71920| .5238479.72100| .5260219.72280| .528201 9.72459 | - 563038 53256) 4 
57 .71923 | 623884 .72103| .52606] .72283| .528241 .72462| 53042 532591 $ 
58 .71926| 523924 .72106| 52610] .72286| .628271 .72465| 53045 53263] 2 
59 .71929 | .52395] .72109| .52613] .72289] 52831] .72468| .53049 53267] 1 
+ 187 79.71932 | .52399 9.72112 | .6261719.72292 | .62835]9.72471| .53052 1 9.72648 | 532701 oO 
17h 49m 17h 48m 17h 47m 17h 46m 17h 45m 


Gh 15™ 98° 45/ 

8 
O | 9.72648; 53270 
1 72651 | 53274 
2 72654 | 53277 
$ 72657 7_ 53281 
Y | 9.72660 | S3285 
5 72663 | 53288 
6 72666 | 53292 
7 | .72669| 53296 
+ 2% |9.72672| 53299 
9 .72675 | 53303 
10 -72678 | 53306 
11 72681 | 53310 
+ 98 19.72684| 63314 
18 12687 | 3317 
14 72690 | 53321 
15 72693 | 53325 
4’ [9.72696 | 53328 
17 72699 | 53332 
18 72702 | 63335 
19 72705 | _ 53339 
+ W8& | 9.72708) 63343 
21 72710] 53346 
£2 72713 | 53350 
28 72716 | 53354 
@ 19.72719 | 63357 
25 72722 | 63361 
26 72725 | 53364 
27 .72728 | 53368 
+ 9 79.72731| 53372 
29 72734 | $3375 
30 12737 | ..53379 
$1 12740 |_ 53383 
+ & 19.72743| .53386 
88 72746 | 53390 
$4 .72749 | 53394 
85 | .72752| 53397 
+ 8 §9.72755| 63401 
87 72758 | 63404 
88 72761 | 53408 
89 12764 | 53412 
+ 10 §9.72767| 53415 
41 72770 | 53419 
42 12772 | B3A23 
48 12775 |_ BdA2E 
+ 11’ ]9.72778| .53430 
45 72781] 53433 
46 72784 | 3437 
47 72787 | 53441 
+ 12 19.72790| §3444 
49 72793 | 53448 
— 60 72796 | 53452 
51 72799 | 53455 
+ 13’ [9.72802] 53459 
53 .72805 | 53462 
54 72808 | 53466 
55 72811} 53470 
+ 14’ | 9.72814 | 53473 
57 72817 | 53477 
53 72820 | 53481 
59 72823 | 53484 
+ 19 [9.72825 | 53488 

17h 44m 


314 | 9.72861. 


Gh 16m 94° & 


Log. Hav.| Nat. Havd Log. Hav.} Nat. Hav 


.72864 
72867 
.72870 
9.72873 
72876 
.72878 
72881 


TABLE 34. 


Haversines. 


Gh 17m 94° 15/ 


og. Hav. | Nat. Hav. [Log. 


6h 18m 94° 80’ 


9.73002 | 63706 | 9.738177 


.73005 |+ 63709 
.73008 | 63713 
73011 |_ 53716 
9.73014 | 53720 
-73016 | 53724 
.73019 | 53727 
73022 | 53731 
9.73025 | 53734 
73028 | 53738 
.73031 | 53742 
73034 | 58745 
9.73037 
73040 
73043 
- .73046 


.73180 
.73183 
73186 
9.73189 
73192 
73195 
73198 
9.73201 
.73204 


9.73212 
.73215 
.73218 
73221 


[Page 331 


53923 | 9.73352 
53927 


«73305 
73358 
73SEL 


73367 
-73370 
73373 
9.73375 
73378 


9.73387 
.73390 
.73393 
13396 


9.73049 
73052 
73055 

£73057 

9.73060 
73063 


9.73107 
73110 
73113 
.73116 

9.73119 
73122 
73125 
73128 

9.73131 
.73134 
73136 
73139 


.73145 | 53883 
.73148 


9.73154 
73157 
.73160 
.73163 

9.73166 
.73169 
73172 
73174 


53905 
53908 
53912 
53916 
53919 
53923 


9.73224 
73227 
73230 
73233 

9.73236 
013239 
73242 
.73244 

9.73247 
73250 
73253 
73256 

9.73259 
73262 
73265 
73268 

9.73271 
13274 
13277 
.73280 

9.73282 


9.73306 
.73309 
73311 
73314 

9.73317 
.73320 
73323 
73326 

9.73329 
73332 
73335 
-73338 

9.73341 
.73343 
.73346 
73349 


9.73352 


9.73399 
73402 
.73404 
73407 

9.73410 
73413 
73416 
.73419 

9.73422 
«73425 
73428 
73431 

9.73433 
73436 


9.73480 
73483 
73486 
73489 


9.73515 
73917 
.73520 
.73523 


Gh 19m 94° 45 
Hav. |Nat. Hav. [Log. Hav. | Nat. Hav 


9.73364 5 


9.73711 
73714 
13717 
73720 


9.73722 


9.73769 
13771 
13774 


13777 


9.73780 
13783 
73786 
73789 

9.73792 
13794 
73797 
73800 


9.73803 


77 Sm i Sm 


9.7 3918 
73921 
73924 
73926 

9.73929 
73932 
73935 
73938 


9.73941 
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TABLE 34, 


Haversines. 


6h 25™ 90° 13’ | 6h 26m 90° 30’ 


@ Log. Hav.| Nat. Hav Log. Hav. 
0 9.74385 | 65443 19.74554 | 65060 | 9.74723 rises 9. 74891. 56093 1 9.75059 
1 -74388 | B54AT] .74557 -74726 .74894 | 56097] .75061 
2 -74391 |] S54511 .74560 .74729 rer .74897 | 61011 .75064 
$s -74393 | B54549 .74563 .74732 | .55888] .74900| .56104] .75067 
+ YW 19.74396| .55458 | 9.74566 9.74734 | 55891 19.74902 | .66108 1 9.75070 
5 -74399 | S54611 .74569 .74737 | 65885] .74905| .661127 .75072 
6 .74402 | 654659 .74571 .74740 | 5899] .74908| 56115] .75075 
7 .74405 | 65469] .74574 .74743 | 55902] .74911] .56119] .75078 
+ 2 19.74408| 55472 | 9.74577 9.74746 | 55906 19.74914 | .56122 | 9.75081 
9 -74410| 854769 .74580 .74748 | 565909] .74916| 86126] .75084 
10 -74413 | 654797 .74583 -74751 | 55913] .74919| 66130} .75086 
11 74416 | 65483] .74585 .74754 | 55917] .74922| 66133} .75089 
3’ 19 74419] 55487 | 9.74588 9.74757 | 659201 9.74925 | 66137 | 9.75092 
18 .74422 | 654908 .74591 .74760 | 559241 .74928) .661409 .75095 
14 -74425 | B54941 174594 .74762 | 55927] .74930| .56144]1 .75097 
15 .74427 | B5A9BT .74597 .74765 | .65931] .74933 | 56147] .75100 
+ 4 19.74430| .55501 1 9.74600 9.74768 | 65935 19.74936 | .66151 1 9.75103 
17 -74433 | 65505] .74602 74771 | 5593889 .74939| 66155] .75106 
18 .74436 | $5508] .74605 44774 | 559427 .74941| 86158} .75109 
19 .74439 | 555121 .74603 .74776 | 55845] .74944| .66162] .75111 
+ WW 9.74442; .65516] 9.74611 9.74779 | 65949 19.74947 | 66166 1 9.75114 
21 74444] 555191 .74614 -74782 | 659539 .74950| 56109] .75117 
22 -74447 | 555231 .74616 .74785 | 559569 .74953 | 66193) .75120 
28 .74450 | 555264 .74619 .74788 | 559607 .74955| .5617967 .75122 
@ 19.74453 | 556530 | 9.74622 9.74791 | .6596419.74958 | .56180 1 9.75125 
25 .74456 | S5534A9 .74625 .74793 | 65967] .74961| 561845 .75128 
26 .74458 | 65537} .74628 -74796 | 659717 .74964| 661879 .75131 
27 .74461| 555411 .74630 .74799 | 659741 .74967| S6191L 7 .75134 
+ 9 19.74464| 65545 1 9.74633 9.74802 | 65978 1 9.74969 | .56195 } 9.75136 
29 .74467 | 65548] .74636 074805 | 59827 .74972) 66198] .75139 
80 .74470 | 655527 .74639 .74807 | 55985] .74975| 662029 .75142 
$1 -74473 | -65555] .74642 -74810| 55989] .74978| .662057 .75145 
8 19.74475| 65559 1 9.74645 9.74813 | .6599219.74981 | 66209 } 9.75147 
33 .74478 | 5563] .74647 .74816 | 55996] .74983 | .562139 .75150 
34 .74481 | $5566] .74650 74819 | 56000 .74986 | .562169 .75153 
85 .744841] 555709 .74653 .74821| 56003] .74989; .562209 .75156 
+ & 19.74487| 65573 | 9.74656 9.74824 | .66007 1 9.74992 | .66223 1 9.75159 
$7 -74490 | 1.65577 1.74659 74827 | 50010] .74994| 562279 .75161 
38 .74492 | 655811 .74661 74830 | 600149 .74997| 66231] .75164 
39 .74495 | 555841 .74664 74833 | 660187 .75000| .562341 .75167 
+ 10 19.74498 | .55588 | 9.74667 9.74835 | 56021 19.75003 | 56238 | 9.75170 
41 -74501] 65592] .74670 .74838 | 50025§ .75006| .66241 4 .75172 
42 74504 | .65595] .74673 .74841 | .66620— .75008| 56245] .75175 
48 74506 | .55599 7 .74675 .74844 | .560327 .75011} .66249] .75178 
+ 11’ 1 9.74509} 65602 1 9.74678 9.74846 | .6603619.75014 | .6625219.75181 
45 74512 | 656061 .74681 -74849 | 56039 .75017 | 66256 .75183 
46 74515 | 65610] .74684 74852 | 660439 .75020)] 562599 .75186 
47 74518 | 55613] .74687 .74855 | 56047 £75022 | .562639 .75189 
+ 12’ 9.74521 | .55617 | 9.74690 9.74858 | .6605019.75025 | 66267 1 9.75192 
49 -74523 | 656209 .74692 -74860 | 560549 .75028| 50270] .75195 
50 -74526 | 556249 .74695 -74863 | 600579 .75031 | 502749 .75197 
$1 .74529 | 556281 .74698 .74866 | 560619 .75033 | 662777 .75200 
+ 13’ 19.74532| .5563119.74701 9.74869 | .6606519.75036 | .56281 1 9.75203 
58 14535 | 65635 .74704 .74872 | 660687 .75039| .56285} .75206 
54 .74538 | 556389 .74706 -74874 | S6072§ .75042| 562889 .75208 
55 .74540 | 656424 .74709 .74877 | 660757 .75045| S62924 .75211 
+ 14 19.74543| .55646 1 9.74712 9.74880 | 66079 1 9.75047 | 9.66296 | 9.75214 
57 -74546 | 656499 .74715 .74883 | 56083) .75050} 562997 .75217 
58 74549 | 666539 .74718 .74886 | 560869 .75053 | 563034 .75220 
59 .74552 | 556579 .74720 -74888 | .660809 .75056| 563067 .75222 
+ IU [9.74554 | .66660)19.74723 | .5587719.74891 | .66093 19.75059 | 66310 1 9.75225 

17h 84m 17h 83m 17h ggm 17h sim 


941524 ° —43——_47 


6h 27m 96° 45/ 
Nat. Hav J Log. Hav.] Nat. Hav 


[Page 833 


Log. — Nat. HavJj Log. Hav.| Nat. Hav 


17h som 


satlnsssisseslerasasss 


41 


Page 334] TABLE 34, 


Haversines. 
6h 80m 97° 30’ | 6h $1™ 97° 45/ 6h 82m 98° & 6h 33m 98° 1 | 6h 34m 98° 30’ 
8 Log. Hav.| Nat. Havd Log. Hav.| Nat. Havd Log. Hav.! Nat. Hav] Log. Hav.| Nat. HavJ Log. Hav.| Nat. Hav 
0 9.75225 | .66526 19.75391 | .6674319.75556 | .5695919.75720| 67175 | 9.75884 | 673901 60 
1 -75228 | .566530] .75394| 567469 .75559| 66962) .75723| 67178] .75887 | 67384] 59 
2 -75231| 56534 56750) .75561| .66966] .75726| $7182] .75889| 67388) 58 
8 .15233 | 56537 67539 .75564| 66969) .75729| 671851 .75892| 67401] 57 
+ IW [9.75236| .66541] 9.75402) 667571 9.75567 | 1.66973] 9.75731 | 67189] 9.75895 
5 -75239 | 665449 .75405| 667GLE .75570| 66977] .75734| 671935 .75898 
6 75242 | 66548] .75407) 56764) .75572| 66980] .75737| 67196) .75900 
7 .75244| .665521 .75410|) .66768] .75575| 56984] .75739 | 672604 .75903 
+ 28 19.75247| 66555 19.75413 | .669971 1 9.75578 | 66987 | 9.75742 | 5697203 | 9.75906 
9 75200 | 56559] .75416| 86775) .75581| 6991] .75745| B72071 .75908 
10 -75253 | 66562] .75418| 86779) .75583| 66904) .75748) S721) .75911 
11 .75256 | 665667 .75421| .567824 .75586| 56998 -75750 | 572144 .75914 
+ 8 19.75258] 56570 56786 1 9.75589 | .67002 19.75753 | 67218 | 9.75917 
18 -15261 | 56573 56789 | .75592| 57005) .75756| SI2214 .75919 
14 -15264 | 66577 56793 | .75594| 57008) .75759| SI225 5 .75922 
15 .70267 | .66580 56797 | .75597 | 670124 .75761| St2294 .75925 
+ 4° 19.75269] 56584 56800 19.75600 | 57016 19.75764 | 57282 | 9.75927 
17 15272 | 66588 568049 .75603| 570201 .75767| S236 4 .75930 
18 .70275| 66591 56807 | .75605| 57023] .75770| 672394 .75933 
19 -19278 | 66595 . 66811 § .75608 | 570279 .75772| BI243 9 759368 
+ 8 19.75280| 56598 56815 19.75611 | .67038119.75775 1 67247 | 9.75938 
21 -70283 | 66602 56818 .75614| 87034) .75778| 672505 .75941 
22 -15286 | 56606 568221 .75616| 7088) .75780| B72544 .75944 
28 .75289 | 56609 56825 | .75619| 570414 .75783| 872579 .75947 
+ W@W £9.75291| 56613 -56829 1 9.75622 | 67045 19.75786 | 672611 9.75949 | 67497 § 36 
25 .70294| 56616 56833 | .75625| 87049] .75789| 67265] .75952| &74808 $6 
26 .15297 | 66620 -56836 | .75627| 567052) .75791| 57268) .75955| S7484i $4 
27 -75300 | 66624 568401 .75630| .567056] .7&794] 67272] .75957| BI488i Ss 
+ VW 19.75303 | 66627 56843 1 9.75633 | .6705919.75797 | 672751 9.75960 | 57491] Sze 
29 .70305 | $6631 56847 f .75636| 57063] .75800| SI279t .75963 | H7495 9 $1 
$80 .75308 | $6634 568511 .75638 | 57067] .75802| 672835 .75966 | 674981 So 
$1 -Jo3ll | 56638 568541 .75641| .67070] .75805| 672864 .75968 | 675024 29 
+ 8& 19.75314| 56642 56858 1 9.75644 | .6707419.75808 | .67290 1 9.75971 
SS .75316 | 56645 568619 .75646| 57077] .75810] 6728384 .75974 
84 .75319 | 56649 56865 | .75649| 570817 .75813 | 87287) .75976 
56652 56869 | .75652 | 1.67085] .75816] 67301] .75979 


35 79322 


9.75325 
15327 


-56872 1. 9.75655 | .67088 1 9.75819 | .67304 1 9.75982 
56876} .75657 | 5709829 .75821| 673087 .75985 


56656 
56660 


-56739] 75553 | 56955] .75718| 671714 .75881 | 57387 % .76044| 67603 
56743 19.75556 | .5695919.75720| 67175 19.75884 | .57390 | 9.76047 | 57696 


17h e9m 17h 28m 17h 27m 17h 26m 17h 25m 


.75330 | 56663 56879} .75660 | 57085] .75824) S731] .75987 
-75333 | 56667 56883 | .75663 | 57099] .75827| 57315] .75990 
9.75336 | .5667099.75501 | .56887 19.75666 | .67103 1 9.75830 | 57318 | 9.75993 
.75338 | 56674] .75504} 56890] .75668| 571669 .75832| 873225 .75995 
75341 | 56678} .75507| 56894] .75671| 57110) .75835 | 67326] .75998 
.75344 | 56681} .75509 | 56897] .75674) 671149 .75838 | 67329] .76001 
9.75347 | .66685 [9.75512 | 569011 9.75677 | .67117 | 9.75840 | .57333 | 9.76004 
75350 | 56689] .75515 | 56905] .75679| S71219 .75843 | 673374 .76006 
75352 | 56682) .75518 | .566908] .75682| 57124] .75846 | .57340]) .76009 
.75355 |_ 566967 .75520 | 56912] .75685| 57128] .75849 | 573444 .76012 
9.75358 | 66699 1 9.75523 | 566915 79.75688 | .59131 9.75851 | 67347 1 9.76014 
.75361 | 66703 § .75526| 56919] .75690| 57185] .75854 | B735i] .76017 
75363 | 66707) .75529| 56923] .75693| 571399 .75857| 57355} .76020 
75366 | 567109 .75531 | 56926] .75696| 57142] .75859 | 57358] .76023 | 675745 9 
13’ | 9.75369 | .5671419.75534 | .66930 1 9.75698 | .57146 | 9.75862 | .567362)9.76025 | 675775 8 
75372 | S617 .75537 | 669337 .75701| 57149] .75865 | 57365] .76028| SIS8lt 7 
75374 | 67219 .75540| 569379 .75704| 67153] .75868 | .57369) .76031 | 67585 6 
75377 | 56725] .75542 | 669419 .75707| 67157] 75870 | 67373) .76033 | 575885 5 
+ 14 19.75380 | 66728] 9.75545 | .6694419.75709 | .57160)9.75873 | .57376)9.76036 | 575925 4 
75383 | 66732] .75548 | 66948] .75712| b7164) .75876 | BI380F .76039| BISS5] $s 
75325 | 86735] .75550| 669519 .75715| 67167] .75879 | 57383] .76041 | 67508 ; 
0 


6h 35m 98° 45 
Log. Hav.) Nat. Hav Log. Hav.| Nat. Havg Log. Hav.| Nat. Hav Log. Hav. 


0 |9.76047 
1 .76050 
2 .76052 
3 76055 
+ 1 [9.76058 
5 .76060 
6 .76063 
7 76066 
+ 2 19.76069 
9 76071 
10 .76074 
11 76077 
3’ 19.76079 

13 .76082 
14 .76085 
15 76088 
+ 4 19.76090 
17 .76093 
18 .76096 
19 76098 
+ 8 19.76101 
21 76104 
22 .76106 
28 76109 
@ 19.76112 

25 76115 
26 76117 
27 76120 
+ v7 19.76123 
29 76125 
30 76128 
$1 .76131 
+ & 19.76134 
38 76136 
4 .76139 
35 76142 
+ & |9.76144 
$7 76147 
$8 76150 
$9 76152 
+ 107 19.76155 
41 76158 
42 76161 
48 76163 
+ 11 | 9.76166 
45 .76169 
46 76171 
47 76174 
+ 12’ 19.76177 
49 .76179 
50 .76182 
51 .76185 
+ 137 |9.76188 
58 .76190 
54 .76193 
55 76196 
+ 1£19.76198 
57 .76201 
58 .76204 
59 76206 
+ 18 19.76209 


57666 
57610 
-57613 
57617 
57621 
57624 
-57628 
67631 
57635 
-57639 
57642 
-57646 
57649 
57653 
57656 
57666 
-57664 
57667 
57671 
57675 
57678 
57682 
57685 
57689 
57692 
57690 
57790 
57703 
57707 
57710 
57714 
57718 
57721 
$7725 
57728 
57732 


57736 
57739 
57743 
57746 


57750 
57753 
57757 
57761 


57764 
57768 
57771 
57775 
57779 
57782 
57788 
57789 


57793 
57797 
57800 
57804 
57807 
57811 
7815 
57818 


57822 


17h g4m 


Gh sem 98° @ =| Gh 37m 99° 15/ 
9.76209 | 57822] 9.76371 | .68037 
.76212 | .67825] .76373| .58041 
76215 | .57829] .76376| 58044 
76217 | 87833} .76379 | _.58048 
9.76220 | 67836 | 9.76381 | .68051 
76223 | 67840] .76384| 58055 
.76225 | .57843] .76387| .58059 
76228 | _.57847| .76389 | -58062 
9.76231 | 57850 | 9.76392 | 68066 
.76233 | 67854] .76395| .58069 
76236 | .67858] .76397| .58073 
.76239 |_.57861] .76400| .58077 
9.76241 | .57865 | 9.76403 | .58080 
.76244| .67868] .76405| .58084 
.76247 | 67872] .76408| .58087 
76250 | .57876| .76411| 58081 
9.76252 | 57879 | 9.76414 | .68095 
.76255 | .57883] .76416| .58098 
.76258 | .57886] .76419| .58102 
.76260 | .57890| 76422 | _.58105 
9.76263 | .57894 | 9.76424 | 58109 
.76266 | 67897] .76427| .58112 
.76268 | 57901] .76430| .58116 
.76271| 87904] .76432| .58120 
9.76274 | .57908 | 9.76435 | .58123 
76276 | 57911] .76438| .58127 
.76279 | 67915} .76440| .58130 
76282 | .57919] .76443| 58134 
9.76285 | .57922 | 9.76446 | .58138 
.76287 | 57926] .76448| 58141 
.76290 | 67929] .76451| .58145 
.76293 | 67933] .76454| .58148 
9.76296 | .57937 | 9.76456 | 58152 
.76298 | 57940] .76459| .58156 
.76301 | 67944] .76462| .58159 
.76303 | _.67947| .76464 | .58163 
9.76306 | 67951 | 9.76467 | .68166 
.76309 | .87955| .76470| .58170 
.76311| .57958] .76473| 58173 
76314 | 67962] .76475| .58177 
9.76317 | .57965| 9.76478 | .58181 
76320 | 57960] .76481| .58184 
76322 | .57973! .76483| .58188 
76325 | 67976] .76486 | .58191 
9.76328 | .67980 | 9.76489 | .68195 
.76330 | 57983] .76491| .58199 
76333 .76494 | 68202 
76336 .76497 | 68206 
9.76338 9.76499 | 58209 
.76341| 57988] .76502| .58213 
.76344 76505 | .58217 
.76346 76507 | .58220 
9.76349 9.76510 | .68224 
.76352 | 68012] .76513| 58227 
.76354 .76515 | 58231 
76357 .76518 | _.58234 
9.76360 | 58023 9.76521 | .58238 
.76363 | 68026] .76523| 68242 
76365 | . .76526 | .68245 
.76368 76529 |_.68249 
9.76371 | 68037] 9.76531 | .58252 
17h 22m 


6h $8m 99° 30/ 


9.76531 
-76534 
.76537 
.76539 


9.76542 
.76545 
76547 
-76550 


9.76553 
-76555 
16558 
.76561 


9.76563 
.76566 
-76569 
.76571 


9.76574 
16577 
.76579 
76582 


9.76585 
76587 
.76590 
.76593 

9.76595 
.76598 
.76601 
-76603 


9.76606 
.76609 
.76611 
.76614 

9.76617 
-76619 
.76622 
-76625 


9.76627 
.76630 
.76633 
.76635 


9.76638 
76641 
.76643 
.76646 


9.76649 
76651 
.76654 
.76657 


9.76659 
.76662 
.76665 
.76667 


em 


9.76670 
.76673 
.76675 
.76678 

9.76681 
.76683 
.76686 
-76689 


17h 


Nat. Hav 
58252 


58342 
58346 
-58349 
58353 
58356 
58360 
-58364 
58367 
$8371 
58374 
68378 
-58381 
58385 


58467 
21m 


6h som 98° 45/ 
Log. Hav.) Nat. Hav 


9.76691 
.76694 
16697 
.76699 


9.76702 
.76705 
.76707 
.76710 

9.76713 
76715 
.76718 
.76721 

9.76723 
.76726 
-76729 

_.76731, 

9.76734 
.16737 
.76739 
.76742 

9.76745 
.16747 
-76750 
.76753 

9.76755 
.76758 
.76761 
.76763 

9.76766 
.76769 
.76771 
.76774 

9.76777 
.76779 
.7€782 
.76784 

9.76787 
.76790 
.76792 
.76795 

9.76798 
.76800 
.76803 
.76806 

9.76808 
-76811 
.76814 

_.76816 

9.76819 
-76822 
.76824 
.76827 

9.76830 
.76832 
.76835 
.76838 

9.76840 
.76843 
-76845 
.76848 

9.76851 


17h 20m 
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TABLE 34. 


Haversines. 


336] 

6h 40™ 100° | Gh 41™ 100° 15/ 
Log. Hav.) Nat. Havj Log. Hav.| Nat. Hav 
58682 1 9.77009 | 68897 

58686] .77012| 68901 

586901 .77015 | .58904 

8693 | .77017| .58908 

9.76861} .6869719.77020| .58911 
.76864 | $8700] .77023] 68915 
.76867 | $8704] .77025| 58919 
.76869 | 58707] .77028| .58922 
9.76872 | .6871119.77031 | 68926 
.76875 | S87144 .77033 | .68929 
.76877 | 68718] .77036 | 68933 
.76880 | .68722] .77038 | .58937 
9.76883 | .6872519.77041 | .58940 
.76885 | $8729] .77044| 68944 
-76888 | 68733] .77046| .68947 
-76891 | 68736] .77049| 68951 
9.76893 | 6874019.77052 | 58954 
-76896 | $8743] .77054] 68958 
-76898 | 68747] .77057 | 68962 
.76901 | 587501 .77060| .58965 
9.76904 | .6875419.77062 | .58969 
-76906 | 68758] .77065| 68972 
-76909 | S876 4 .77067| .68976 
76912] .68765} .77070) .68979 
9.76914 | .6876819.77073| .58983 
-76917 | 687921 .77075| 68987 
-76920| 68776] .77078/| 58990 
_ 58779] .77081| 58994 

68783 | 9.77083 | 68997 

$8786 | .77086| 69601 

$8790 1 .77089 | .69605 

58793 | .77091 | .59008 

8797 1 9.77094 | 59012 

58801] .77096| 59015 

58804] .77099 | 69019 

8808 | .77102 | 59022 
9.76946 | 68811 59.77104 | 59626 
.76949 | 58815] .77107| .59030 
.76951 | 58818] .77110| 69033 
.76954 | 68822] .77112| .59037 
9.76957 | 6882619.77115 | 69040 
.76959 | 68829] .77117 | 69044 
16962] 688383} .77120| 69047 
_-76965 | 68836) .77123| .59051 
9.76967 | .56884019.77125 | .69055 
-76970 | 58843] .77128 | 59058 
-76972 | 68847] .77131 |] 59062 
.76975 | 68851] .77133 | 59065 
9.76978 | .6885419.77136 | 59069 
.76980 | 1.68858] .77139 | .59072 
.76983 | 68861] .77141| 69076 
.76986 | .68865] .77144] .69080 
9.76988 | 68869 1 9.77146 | .59083 
76991] 688725 .77149 | 69087 
.76994 | 588769 .77152| 59090 
.76996 | 688797 .77154!| .59094 
9.76999 | .68883 §9.77157 | .69097 
-77002 | 568886] .77160; .69101 
.77004 | 58890] .77162| .69105 
.77007 | .58894] .77165| .69108 
9.77009 | .68887 19.77167 | .59112 

17h 19m 17h 18m 


6h 42m 100° 30’ 


Log. Hav. 


9.77167 | 69112] 9.77325 | .6932619.77481 | 59540 
77170 | .59115] .77327| 583830] .77484| 59544 
77173 | 50119] .77330| 59383] .77486 | 69648 
77175 | 69122] .77333 | 59387} .77489 | 59551 

9.77178 | .69126 | 9.77335 | .59340}9.77492 | .59655 
77181 | 59130] .77338| 59344] .77494| 59658 
77183 | 59133] .77340| .69348] .77497 | 69662 
.77186 | 69137] .77343 | 59351] .77499| 59565 

9.77188 | 59140 19.77346 | 59355 59569 
77191 | 60144] .77348 | 69348 59573 
.77194| 89148] .77351 | 50362 $9576 
77196 | 59151] .77353 | .69365 59580 

9.77199 | 69155 1 9.77356 | 69369 $9583 
77202 | 60158] .77359 | 58373 59587 
.77204 | $9162] .77361| 58376 59590 
.77207 | 69165] .77364| 59380 59594 

9.77209 | 69169] 9.77366 | .69383 9598 

-.77212| S9173] .77369 | 59387 59601 
77215 | 0176] .77372| 59391 69605 
77217 | 69180] .77374 | 69394 59668 

9.77220 | .6918319.77377 | 69398 59612 
77223 | 69187] .77380| 59401 59615 
77225 | 59190] .77382| 69405 59619 
.77228 | 69194) .77385| 59408 59623 

9.77230 | 69198 1 9.77387 | 69412 59626 
.77233 | 569201] .77390| 59416 68330 
.77236 | 59205 [ .77393 | 59419 59633 
.77238 | 69208] .77395 | 69423 59637 

9.77241! .6921219.77398 | .69426 69640 
.77243 | 59215] .77400| 59430 59644 
.77246 | .69219) .77403| .59433 59648 
.77249 | 59223] .77406| .69437 59651 

9.77251 | 69226 19.77408 | 69440 59655 
.77254 | 59230] .77411/| 59444 59658 
77257 | 59233] .77413 | 59448 59662 
77259 | 59237] .77416| 69451 SSEES 

9.77262 | ~6924019.77419 | .6945519.77575 | 69669 
.77264 | 6927449 .77421| 69458] .77577| 59672 
.77267 | 59248 — .77424| 59462] .77580| 50676 
77270 | 92519 .77427| 69405) .77583| 59680 

9.77272 | .69255 9.77429 69469 59683 
77275 | S92589 .77432| 69473 49687 
77278 | 92624 .77434| 59476 59630 
77280 | 592657 .77437| 69480 59694 

9.77283 | 59269 19.77440 | .69483 59697 
.77285 | 592739 .77442 | 89487 9761 
.77288 | 59276] .77445| 59490 59705 
77291 | 58280] .77447| .59494 59708 

9.77293 | 69283 | 9.77450 | .69498 59712 
77296 | 69287] .77453 | 569501 9715 
.77298 | 9290] .77455| 69505 59719 
77301 |_ 58294] .77458 | 69508 59722 

9.77304 | 69298 19.77460 | .6951219.77616| .69726 
77306 | 59301] .77463| 59515] .77619| 59730 
77309 | 69305] .77466| 589519] .77622| .59733 
77312 | 69308] .77468 | .59523] .77624| 59737 

9.77314 | 69312 59526 | 9.77627 | .59740 
77317 | 69315 595307 .77629| 59744 
77319 | 69319 59533] .77632 | 59747 
77322 | 59323 -59537 | .77634 | 69751 

9.77325 | 69326 19.77481 | .56954019.77637 | .59755 

17h 17m 17h 16m 17h 15m 


Gh 43™ 100° 45’ 


6h 44 101° 


Nat. Hav J Log. Hav.| Nat. Hav4 Log. Hav. 


Sssscaatasensssegeragaese 


oS me 80 £0 | 01 05 02 00 Lo) 


-77640 


9.77679 
77681 
.77684 
77686. 

9.77689 
.77691 
77694 
77697 

9.77699 
.77702 
77704 
T7707 

9.77710 
T7712 
77715 
TTT17 

9.77720 
77723 
77725 
77728 

9.77730 
17733 
77735 
77738 

9.77741 
77743 
77746 
77748 

9.77751 
T7754 
17756 
17759 

9.77761 
77764 
.77766 
77769 

9.77772 
T7774 
77777 
77779 

9.77782 
T7785 
T7787 
77790 

9.77792 


6h 45™ 191° 15’ 


17h 14m 


6h 46m 101° 30’ 


59758] .77795 | 59972 
59762] .77797| 59976 
59765] .77800| .59979 
59769 | 9.77803 | 59983 
59772] .77805| .59986 
59776] .77808| .59990 
59779] .77810| .59993 
59783 [0.77813 | 59997 
59787 | .77815| 60609 
59790] .77818| .60004 
59794] .77821| .60008 
59797 | 9.77823 | .60011 
59801] .77826| .60615 
59804} .77828| .69618 
59808] .77831| .60022 
59812 | 0.77834 | .60025 
59815] .77836 | .60029 
59819] .77839 | .60633 
59822] .77841| .60036 
59826 [9.77844 | 60040 
59829] .77846| .60043 
59833] .77849| .60047 
59837 | .77852| .66050 
59840 | 9.77854 | .60054 
59844) .77857| .60657 
59847] .77859| .60061 
59851] .77862| .60065 
59854 | 9.77864 | .60068 
59858] .77867| .60072 
59861] .77870| .60675 
59865 | .77872| .60079 
59869 | 9.77875 | .60062 
59872] .77877| .60086 
58876 | .77880| .60090 
59879 | .77882| .60093 
59883 | 9.77885 | .60097 
59886] .77888 | .60100 
59890} .77890| .60104 
59894] .77893 | .60107 
59897 | 9.77895 | .eill 
59901] .77898| .69114 
59904] .77900| .60118 
59908 | .77903 | .60122 
59911 | 9.77906 | .60125 
59915] .77908| .60129 
59919 .77911| .60132 
59922 | .77913| .60136 
59926 | 9.77916 | .60139 
59929] .77918| .60143 
59933 | .77921| .60146 
59936] .77924| .60150 
59940 | 0.77926 | .60154 
59943] .77929| .60157 
59947] .77931| .60161 
59951} .77934| .60164 
59954 | 9.77936 | .60168 
59958 | .77939| .60171 
59961) .77942| .60175 
59965 | .77944| .60179 
59968 | 9.77947 | 60182 
17h 13m 


68 | 9.78090 


6h 47m 101° 45 


6h 48™ 162° O 


60182 | 9.78101 9.78254 

60185] .78103] . 78256 

-60189 .78106) . 78259 

-60193 | .78108 | . 78261 

-60196 1 9.78111; . 9.78264 

-66200} 78113] . -78266 

66203 [ .78116; . -78269 

-60207] .78118/ . 78271 

-66211 9.78121] . 9.78274 

0602141 .78124| .60428— .78277 

66218] .78126| .€0431] .78279 

60221} .78129| .60435] .78282 

060225 19.78131) . 9.78284 

066228 | .78134| .60442] .78287 

066232] .78136| .00445]) .78289 

-60235 | .78139| .60449) .78292 

9.77988 | .6023919.78141/ .« 9.78294 
-77990 | .60243] .78144/ . 18297 
-77993 | 06246] .78147 18299 
.77996 | 60250] .78149 78302 

9.77998 | .60263 | 9.78152 9.78305 
-78001 | .00257] .78154 78307 
78003 | 60260] .78157 78310 
.78006 | .00264] .78159 78312 
9.78008 | .6026819.78162 | .60481 | 9.78315 
-78011 | 662719 .78164) .604845 .78317 
.78013 | 60275 .78167} .06488f .78320 
.78016 | 66278] .78170| .60492) .78322 

9.78019 | .60282 9.78172 | .60495 [9.78325 
.78021 | .60285§ .78175 | 60499) .78327 

.78024 | 60289 .78177| .60502§ .78330 
.78026 | .60@282— .78180| 60506) .78332 

9.78029 | .66296§9.78182 | .60609 | 9.78335 
-78031 | 66300] .78185| .60513] .78338 

.78034 | 60363] .78187| .60516) .78340 

.78037 | .66307] .78190 | .60520— .78343 

9.78039 | .6631019.78192 | .60524 1 9.78345 
.78042 | 00814] .78195| .60527§ .78348 

.78044 | GO317— .78198| .60531] .78350 

-78047 | 60321] .78200| 00534) .78353 

9.78049 | .6632419.78203 | .60538 1 9.78355 
-78052 | 60328) .78205| 60541] .78358 

78054 | 66332) .78208| .60545§ .78360 

78057 | .60335% .78210| 605489 .78363 

9.78060 | .60339 1 9.78213 | .60552 | 9.78365 
-78062 | 60342] .78215| 6056568 .78368 

.78065 | 663469 .78218| .60659f .78371 

.78067 | 603495 .78221 | .60563 5 .78373 

9.78070} 60353 19.78223 | 60566 | 9.78376 
.78072 | C0356) .78226 | 605709 .78378 

.78075 | 603609 .78228| 605737 .78381 

.78077 | 603649 .78231 | 605775 .78383 

9.78080 | .60367 |. 9.78233 | 60580 § 9.78386 
.78083 | 603719 .78236 | 60584] .78388 

-78085 | .60374] .78238 | 60588] .78391 
.78088 | .60378— .78241] 605915 .78393 

-60381 1 9.78243 | .60595 | 9.78396 

.78093 | .60385] .78246| 60598] .78398 

-78095 | 260388] .78249| .60602) .78401 
.78098 | 603925 .78251| 60605) .78404 

9.78101 | .60396 1 9.78254 | .60609 | 9.78406 

17h 12m 17h fim 


6 49m 162° 15/ 
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6h 50™ 102° 30’ | 6h 51m 102° 43 


Log. Hav. 


9.78406 
18409 
8411 
18414 

9.78416 
78419 
78421 
78424 

9.78426 
78429 
78431 
18434 

9.78436 


9.78457 
.78459 
78462 
78464 

9.78467 
78469 
18472 
78474 

9.78477 
78479 
78482 
78485 

9.78487 
-78490 
78492 
78495 

9.78497 
78500 
78502 
78505 

9.78507 
78510 
78512 
78515 

9.78517 
78520 
18522 
78525 

9.78528 
.78530 
78533 
78535 

9.78538 
.78540 
18543 
.78545 

9.78548 
78550 
18553 
78595 

9.78558 


HHH 


60971 


-61017 
61021 
61024 
61028 
61032 
61035 


17h gm 


TABLE 34. 
Haversines. 

6h 52m 108° 

Hav.Log. | Nat. HavJ Log. Hav.) Nat. Havt Log. Hav 
9.78558 | .6103519.78709 | .61248 
.78560 | .61038] .78711| .61251 
.78563 | .61042] .78714| .61255 
.78565 | .61046] .78716| .61258 
9.78568 | .61049]9.78719 | .61262 
.78570 | .61053] .78721| .61265 
.78573 | .61056] .78724;| .61269 
.78575 | 1.610609 .78726| .61272 
9.78578 | .6106319.78729 | .61276 
-78581 | .61067] .78731| .61279 
.78583 | .61070] .78734| 61283 
.78586 | 61074] .78737 | 61287 
9.78588 | .610977 19.78739 | .61290 
.78591 | C1081] .78742| .61294 
-78593 | .61085 7 .78744| .61297 
.78596 | 61088] .78747| .61301 
9.78598 | .6109219.78749 | .61304 
.78601 | .61095] .78752| .61308 
.78603 | .61099] .78754) 61311 
.78606 | .61102] .78757| .61315 
9.78608 | .6110619.78759 | .61318 
78611 | .61109] .78762| .61322 
-78613 | 612137 .78764| .61325 
78616 | 61116] .78767| .61329 
9.78618 | .6112019.78769 | .61333 
-78621 | 61124] .78772| .61336 
.78623 | .61127] .78774| .61340 
.78626 | 61131] .78777| 61343 
9.78628 | .61134)9.78779 | 61347 
.78631 | .61138] .78782| .61350 
.78633 | 61141] .78784| .61354 
.78636 | .61145] .78787 | .61357 
9.78638 | .6114819.78789 | .61361 
.78641 | 61152] .78792) .61364 
.78643 | .61155] .78794| .61368 
.78646 | .61159] .78797 | .61372 
9.78649 | .61163]9.78799 | .61375 
.78651 | 61166] .78802) .61379 
.78654 | 61170] .78804} .61382 
.78656 | .61173] .78807| .61386 
9.78659 | 611771 9.78809 | .61389 
.78661 | 61180] .78812| .61393 
.78664 | .61184] .78814| .61396 
.78666 | .61187] .78817| .61400 
9.78669 | .6119119.78819 | .61403 
78671 | 61194] .78822 | .61407 
.78674 | .61198— .78824)} .61410 
.78676 | .61201 7 .78S27| .61414 
9.78679 | .6120519.78829 | .61418 
.78681 | .61209F .78832| .61421 
78684 | 612129 .78834 1 .61425 
.78686 | .61216] .78837| .61428 
9.78689 | .6121919.78839 | .61432 
.78691 | 612237 .78842| .61435 
18694 | 61226] .78844} .61439 
.78696 | 612305 .78847| .61442 
9.78699 | .61233 9.78849 | .61446 
.78701 | 61237] .78852| .61449 
.78704 | 612408 .78854] .61453 
-78706 | 612449 .78857| .61456 
9.78709 | .6124819.78859 | .61460 

17h §m 17h Ym 


64 53m 103° 15/ | 6h 54™ 103° 30’ 


9.78859 
78862 
-78864 
78867 

9.78869 
78872 
78874 
18877 

9.78879 
78882 
-78884 
18887 

9.78889 
78892 
78894 
78897 

9.78899 
78902 
78904 
78907 


9.78909 


78912 
78914 
78917 
9.78919 
78922 
78924 
18927 
9.78929 
78932 
78934 
78937 
9.78939 
78942 
78944 
78947 
9.78949 
18952 
78954 
18957 
9.78959 
78962 
78964 
.78967 
9.78969 
78972 
.78974 
78977 
9.78979 
78982 
78984 
.78987 
9.78989 
78992 
.78994 
78997 
9.78999 
79002 


9.79009 


17h 6m 


61460 | 9.79009 
61464 
61467 
61471 


-61474 19. 


61478 
61481 
61485 
-61488 
61492 
61495 
61499 
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6h 58m 104° 30’ | 6h 59™ 104° 45/ 


9.79601 
79604 
79606 
79609 

9.79611 
79613 
79616 
79618 


9.79621 


79623 | 


-79626 
.79628 


9.79631 
79633 
.79635 
79638 

9.79640 
79643 
79645 
79648 

9.79650 
-79653 
79655 
.79657 

9.79660 
79662 
79665 
79667 


9.79670 
19672 
79674 
79677 

9.79679 
79682 
.79684 
79687 


t 1 9.79689 


-79692 
79694 
-79696 
9.79699 
.79701 
79704 
.79706 
9.79709 
79711 
79714 
-79716 
9.79718 
79721 
79723 
79726 
9.79728 
.79731 
79733 
79735 
9.79738 
.79740 
79743 
.79745 


62519 


B2727 


TABLE 34. 
Haversines. 
6h 55m 108° 45’ | 6h 56m 104° WY | 6h 57m 104° 15’ 
8 Log. Hav.) Nat. Havj Log. Hav.) Nat. Hav] Log. Hav.) Nat. Hav] Log. Hav.| Nat. Hav4 Log. Hav 

0 9.79158 | .61884 } 9.79306 | .62096 | 9.79454 
1 79161} .61888} .79309| .62100] .79457 
2 79163 | .61891} .79311| .62103] .79459 
8 79165 | 61895} .79314| .62107] .79462 
+ 1 19.79168| .61898}9.79316 | .62110] 9.79464 

6 79170 | .61902] .79319| 62114] .79466 | .62325 

6 79173 | .61905] .79321| .62117] .79469| .62329 
7 79175 | .61909] .79324| .62121] .79471 
+ 2 19.79178| .61913 1 9.79326 | .62124 1 9.79474 
9 -79180 | .61916] .79329| .62128] .79476 
10 79183 | .61920} .79331| .62131] .79479 
11 79185 | .61923] .79334| .62135] .79481 
3’ 1 9.79188 | .61927 19.79336 | .62138 1 9.79484 
18 .79190 | .61930] .79339 | .62142] .79486 
14 -79193 | .61934] .79341] .62145] .79489 
15 © 79195 | 61937} .79343| .62149] .79491 
4’ 19.79198 | .61941 9.79346 | .62153 | 9.79493 
17 -79200 | .61944] .79348| .62156] .79496 
18 -79203 | 61948} .79351| .62160] .79498 
19 79205 | .61951] .79353| .62163] .79501 
+ 68 [9.79208 | .61955 19.79356 | .62167 | 9.79503 
21 79210} .61958] .79358| .62170] .79506 
22 79213 | 61962] .79361| .62174] .79508 
28 79215 | 61966] .79363] .62177] .79511 
+ 6 | 9.79217| .6196919.79366 | .62181 19.79513 
25 79220] .61973]7 .79368| .62184] .79516 
26 79222] .61976] .79371 | .62188] .79518 
27 79225 | 61980] .79373| 62191] .79520 
+ ¥ [9.79227 | £61983 | 9.79376 | 62195 | 9.79523 
29 -79230 | .61987] .79378} .62198§ .79525 
80 79232 | 261990] .79380] .62202] .79528 
$1 79235 | 61994] .79383 | .62205 1 .79530 
8’ 19.79237 | .61997 1 9.79385 | .62209 | 9.79533 
38 .79240 | 62001] .79388| .62213] .79535 
34 -79242 | .62004] .79390] 622164 .79538 
35 79245 | .62008] .79393 | .62220] .79540 
+ Y 19.79247| .6201119.79395 | .62223 1 9.79542 
87 79250 | 62015] .79398| 62227] .79545 
88 -79252 | 62018] .79400| .62230] .79547 
89 .79255 | 620227 .79403 | .62234] .79550 
+ 10 [9.79257 | .6202619.79405 | .62237 1 9.79552 
41 -79260 | 62029] .79407 | 62241] .79555 
42 79262 | 620383] .79410| .622441 .79557 
43 .79264 | .62036] .79412| .62248] .79560 
+ 11’ | 9.79267; .6204019.79415| .6225119.79562 
45 79269 | 620437 .79417| 62255) .79565 
46 79272 | 62047] .79420| .62258] .79567 
47 .79274 | .62050] .79422| .62262] .79569 
+ 12’ 19.79277 | .6205419.79425| .62265 1 9.79572 
49 79279 | .62057— .79427| 62269] .79574 
50 79282 | 62061 § .79430| 622721 .79577 
51 .79284 | 62064] .79432| .62276]7 .79579 
+ 13’ 1 9.79287 | .6206819.79434| .62279 1 9.79582 
58 -79289 | 62071] .79437| .62283— .79584 
54 79292 | .62075] .79439 | 622879 .79587 
55 .79294 | 62078] .79442| .622009 .79589 
4+- 14’ (9.79297 | .62082 [9.79444 | .62294 | 9.79591 
57 -79299 | 62086] .79447| .62297— .79594 
58 -79301 | 62089] .79449| .62301] .79596 
59 .79304 |_ 62093 .79452 | .62304 9.79599 
+ 19 [9.79306 | .62096 | 9.79454 | .62308 [9.79601 

17h 4m 17h gm 17h gm 


9.79748 
-79750 
79752 
79755 

9.79757 
79760 
.79762 
79765 


9.79767 


79770 
19772 
79774 


9.79777 
.79779 
19782 

_.79784 

9.79787 
-19789 
79791 
.79794 

9.79796 
-79799 
.79801 
.79804 


9.79806 
-79808 
79811 
.79813 


1 9.79816 


79818 
79821 
79823 
9.79825 
79828 
79830 
79833 
9.79835 
79838 
-79840 
.79842 


9.79855 
79857 
79859 
«79862 

9.79864 
79867 
-79869 
79872 

9.79874 
.79876 
.79879 
-79881 


9.79884 
79886 
-79888 
79891 


.| Nat. Hav 
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627955 


qeeng 


63025 


: 


: 


63067 


2 
al 
p> 


-63078 
63081 
63085 
-63088 
63092 
63095 
-63099 
-63102 
63106 
-63109 
63113 
-63116 
-63120 
63123 
63127 
63131 
63134 
63138 
63142 
63145 
-63148 


16h 59m 


-63182 | 9.80183 


TABLE 34. 


Haversines. 


Thom 105° @/ | 7 1m 105° 15/ 7h $m 105° 45/ 


Log. Hav.| Nat. Havj Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav] Log. Hav.! Nat. Hav4 Log. Hav.) Nat. Hav 


9.80038 | 63152] 9.80183 | .63362 
80041} .63155] .80185| .63365 
80043 | .63159] .80188 | .63368 
80046 | 63162] .80190| .63372 
9.80048 | .6316619.80192 | .63376 
80050 | 63169) .80195| .63379 
-80053 | .63173] .80197 | .63383 
.80055 | 63176 .80200| .63386 
9.80058 | .6318019.80202 | .63390 
80060 | .63183] .80204| .63393 
80063 } .63187] .80207| .63397 
80065 | .63190] .80209| .63400 
9.80067 | .6319419.80212 | .63404 
80070} .63197] .80214] .63407 
80072 | 63201] .80216| .634i1 
80075 | .63204% .80219} .63414 
9.80077 | .6320819.80221 | .63418 
80079 | .63211— .80224| .63421 

80082 | .63215]) .80226| .63425 

80084 | .63218§ .80228| .63428 

9.80087 | .6322219.80231 | .63432 
80089 | 63225) .80233| .63435 

80091 | .63229— .80236| .63439 

80094 | .63232— .80238| .63442 

9.80096 | .6323619.80240 | .63446 
80099 | .63239] .80243| .63450 

80101 | 63243] .80245| .63453 

80103 | 63246] .80248| .63457 

9.80106 | .6325019.80250 | .63460 
80108 | .63253] .80252| .63464 

80111] .68257] .80255| .63467 

80113 | .63260] .80257| .63471 

9.80116 | .6326419.80260} .63474 
80118 | .63207— .80262| .63478 

80120 | 63271 .80264| .63481 

80123 | .63274] .80267 | .63485 

9.80125 | .63278 1 9.80269 | .63488 
80128 | .63281} .80272| .63492 

80130 | .63285§ .80274| .63495 

80132 | .63288§ .80276| .63499 

9.80135 | .63292 | 9.80279 | .63502 
80137 | .63295— .80281] .63506 

-80140 | .63299] .80284| .63509 

80142 | .63302] .80286| .63513 

9.80144 | .6330619.80288 | .63516 
80147 | .63309] .80291] .63520 

80149 | .63313) .80293 | .63523 

80152 | 63316 .80296| .63527 

9.80154 | .6332019.80298 | 63530 
80156 | 63323] .80300| .63534 

80159 | 63327 .80303 | .63537 

80161 | .63330] .80305| .63541 

9.80164 | .63334)9.80307 | .63544 
80166 | 63337] .80310/] .63548 

80168; 63341) 80312] .63551 

80171| .63344f .80315| .63555 

9.80173 | 63348 19.80317 | .63558 
80176 | .63351] .80319| .63562 

80178 | .63355] .80322| .63565 

80180 | 63358] .80324| .63569 

-63362 1 9.80327 | .63572 

16h 58m 16h 57m 
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7h 4m 106° 


9.80527 
.80529 
.80532 
80534 
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7h 5m 106° 15/ 


7h 6m 106° SY | 747m 106° 45/ | 7h 8m 107° 0 

Log. Hav.| Nat. Hav§ Log. Hav.| Nat. Hav Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav 4 Log. Hav. 
9.80754 | .6420119.80895 | .6441019.81036| .64619 1 9.81176 
.80756 | .642041 .80898| .64413} .81038 .81178 
.80759 | .64208] .80900| .64417] .81040 81180 
.80761 |] .64211} .80902| .644207 81043 81183 
9.80763 | .6421519.80905 | .6442419.81045 9.81185 
80766 | .64218] .80907] .644271 .81047 .81187 
80768 | .64222} .80909|] .644317 .81050 .81190 
.80771 | .64225] .80912|] .G4434F .81052 81192 
9.80773 | .6422919.80914 | .64438 | 9.81054 9.81194 
80775 | 642327 .80916| .64441] .81057 .81197 
.80778 | -64236] .80919} .64445] .81059 .81199 
| _.80780 -64239 | .80921] .64448] .81061 .81201 
9.80782 | .6424319.80923 | 644521 9.51064 9.81204 
.80785 | G42467 .80926| .64455]1 .81066 .81206 
.80787 | 64250] .80928] .64459] .81068 .81208 
.80789 | .642537 .80930] .644629 .81071 81211 
9.80792 | .6425719.80933 | .64466]7 .81073 9.81213 
-80794 | .64260] .80935] .64469}) .81075 81215 
80796 | 642649 .80937] 644729 .81078 81217 
.80799 | .64267 1 .80940] .64476] .81080 .81220 
9.80801 | 64270 19.80942 | .64479 1 9.81082 9.81222 
80804 | -G4274]1 .80944] .644837 .81085 .81224 
80806 | 642771 .80947| .644869 .81087 81227 
.80808 | .64281— .80949| .64490] .81089 .81229 
9.80811 | 64284 §9.80952 | .64493 1 9.81092 9.81231 
.80813 | 64288] .80954] .644871 .81094 .81234 
80815] G4291} .80956| .645001 .81096 .81236 
.80818 | 64295] .80959| .645047 .81099 81248 
9.80678 9.80820 | .6429819.80961 | .64507 1 9.81101 9.81241 
.86681 .80822 | 64302] .80963| .64511]7 .81103 .81243 
.80825 | .64305] .80966] .64514] .81106 .81245 

.80827 | .64309]7 .80968] .645187 (81108 .81248 

9.80829 | .6431219.80970 | .6452149.81110 9.81250 

.80832 | 64316] .80973| .645251 .81113 .81252 

.80834 | 64319] .80975] .645287 .81115 .81255 

.80836 | .643234 .80977] .64532] .81117 .81257 

9.80839 | .6432619.80980 | .64535 1 9.81120 9.81259 

80841 | 643307 .80982] .645397 .81122 .81262 

.80844 | .64333] .80984] .645427 .81124 81264 

.80846 | .64337 1 .80987| 64546) .81127 -81266 

9.80848 | .6434019.80989 | .64549 § 9.81129 9.81269 

.80851 | 64344] .80991] .645527 .81131 81271 

.80853 | 64347] .80994] .645567 .81134 81273 

80855 | 64351] .80996/ .645597 .81136 .81276 

9.80858 | 1.64354 19.80998 | .64563 1 9.81138 9.81278 

.80860 | .64358] .81001/ .645668 .81141 -81280 

.80862 | 643617 .81003 | .645707 .81143 81282 

80865 | .64365] .81005| 645739 81145 81285 

9.80867 | .6436819.81008 | .@4567719.81148} .64785 | 9.81287 

.80869 | .64372] .81010| .645807 .81150/ .64789% .81289 

.80872 | .64375] .81012| .64584§ .81152!] .647924 .81292 

.80874 | .64378 7 .81015| .64587]7 .81155| .647961 .81294 

9.80876 | -6438219.81017 | .6459119.81157| .64799 1 9.81296 

80879 | .64385— .81019| .64594] .81159| .648037 .81299 

80881 | .64389] .81022| .64598] .81162| .64806f .81301 

80883 | .64392]— .81024| .64601] .81164] .648107 .81303 

9.80886 | .6439619.81026 | .6460519.81166 | .64813 | 9.81306 

.80888 | .64399§% .81029| .G4668] .81169| .64817] .81308 

80891 | .64403]7 .81031; .6461217 .81171| .648201 .81310 

.80893 | 644067 .81033 | .64615] .81173| .648249 .81313 

9.80895 | .6441019.81036 | .6461919.81176| .64827 19.81315 

16h 53m 16h §2m 


80683 
80686 
9.80688 
80690 
.80693 
80695 
9.80697 
80700 
80702 
.80704 


-64110 


80709 
.80712 
80714 
9.80716 
.80719 
80721 
80723 
9.80726 
80728 
80730 
80733 
9.80735 
.80738 
80740 
80742 
9.80745 
80747 
£0749 
.80752 


-64183 
64187 
64190 
64194 
64197 


64201 


e 


16h 54m 


9.80707 


108m 


9.81361 
81364 
.81366 
81368 

9.81370 
81373 
81375 
81377 

9.81380 
81382 
81384 
81387 

9.81389 
81391 
81394 
81396 

9.81398 
81400 
81403 
81405 

9.81407 
81410 
81412 
81414 

9.81417 
81419 
81421 
81424 


81428 
81430 
81433 


Y 1 9.81435 


81437 
81440 
81442 
9.81444 
81447 
81449 
81451 
9.81454 


spel 


9.81426 


9.81527 
81530 
81532 


81534 


9.81536 
81539 
81541 
81543 

9.81546 
81548 
.81550 
81552 


9.81555 


81557 
81559 
81562 


9.81564 
81566 
.81569 
81571 

9.81573 
81575 
81578 
81580 


9.81582 


81585 
81587 
81589 


065243 1 9.81592 


ih om 


16h 48m 


ull 


SEULEE LE 


1h 


Bae 


: 


9.81701 


81704 
81706 
81708 


9.81711 


81713 
81715 
81717 


9.81720 


81722 
81724 
81727 


65451 | 9.81729 


ees 


65641 


ay 


9.81811 
81813 
81816 
81818 


9.81820 


81822 
81825 
81827 
81829 
81832 
81834 
81836 
9.81838 
81841 
81843 
81845 


~ 65630 | 9.81847 


81850 
81852 
81854 


9.81857, 


81859 
81861 
81863 


65658 | 9.81866 


16h 47m 


8 
.65658 | 9.81866 | 65865] 60 
65662] .81868| .65869| 59 
.65665| .81870| .65872] 58 
65668 | .81872| .65876| 57 
65672 | 9.81875 | .65879| 56 
.65675| .81877| .65882] 55 
.65679) .81879| .65886} 54 
.65682| .81882| .65889] 58 
65686 | 9.81884 | .65893 | 52 
.65689| .81886| .65896 } 51 
.65693 | .81888| .65900] 50 
.65696| .81891| .65903] 49 
65700 | 9.81893 | .65907 | 43 
65703} .81895| .65910] 47 
.65707 | .81897| .65914] 46 
65710] .81900| .65917 | 45. 
65713 | 9.81902 | .65920] 44 
65717] .81904| .65924] 43 
65720) .81907| .65927] 42 
65724] .81909 | .65931} 47 
~.65727| 9.81911 | .65934] 40 
65731] .81913| .65938} 39 
65734] .81916| .65941] 33 
.65738 | .81918 37 


065741 
65744 
-65748 
65751 
65755 
65758 
65762 
65765 
-65769 
65772 
65776 


65779 


65793 
-65796 


65848 


65862 


65855 
65865 


16h 46m 


1 9.81965 


9.819¥3 


9.81920 
81922 
81925 
81927 

9.81929 
81931 
81934 
81936 


9.81938 
81941 
81943 
81945 


9.81956 
81959 
81961 
81963 


81968 
81970 
81972 
9.81975 
81977 
81979 
81981 
9.81984 
81986 
81988 
81990 


81995 
81997 
.81999 


9.82002 
16h 45" 


9.82029 
82031 
.82033 
82036 

9.82038 
-82040 
82042 
82045 

9.82047 
82049 
82051 
82054 

9.82056 
.82058 

82061 


66072 | 9.82137 
66075 | .82139 
-66079 | .82142 
-66082] .82144 
-66086 | 9.82146 
66089} .82148 
-66093 | .82151 
-66006 | 82153 


9.82254 
82256 
82259 
82261 

9.82263 
82265 
82268 
82270 


a 34, 


i 
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Be 
ge 
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HE 


HEH 


SES ECRE SEES 


7h 15™ 108° 45/ | 7h 16% 108° 0 | 74 17m 108° 15/ 


Log. Hav.) Nat. Havj Log. Hav. |Nat. Hav. |Log. Hav. | Nat. Hav. 


66485 
-66488 
66491 
-66495 


-66498 


66536 
66539 


EE 


ee 
He 


Hi 


66635 


——______=| 


HL 


66677 


66687 
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7h 18m 109° 30’ | 7 19™ 109° 45/ 
Log. Hav.) Nat. Hav Log. Hav.| Nat. Hav 


9.82406 
82409 
82411 
82413 

9.82415 
82417 


9.82424 
82426 
82429 
82431 

9.82433 
82435 
82438 
82440 


9.82442] .66745 


82444 
82446 
82449 


9.82469 
82471 
82473 
82475 


9.82478 


82480 
82482 
82484 
9.82487 
82489 
82491 
82493 
9.82495 
82498 


9.82513 
82515 
82518 
.82520 

9.82522 
82524 
82527 
82529 

9.82531 
82533 
82535 
82538 


9.82451 


: 


ae 


; 


: 


Hu 


66896 


16h 41m 


9.82567 
82569 
82571 
82573 

9.82575 
82578 
82580 
82582 

9.82584 
82587 
.82589 
82591 


9.82593 


.82595 
.82598 
.82600 
9.82602 
.82604 
82606 
.82609 
9.82611 
82613 
82615 
82618 


9.82620 


82622 
82624 
82627 
9.82629 
82631 
82633 
82635 
9.82638 
.82640 
82642 
.82644 
9.82646 
82649 
82651 
82653 
9.82655 
82657 
.82660 
82662 
9.82664 
82666 
82668 
82671 
9.82673 


SSBseaarsgnsssageaLagyyess | 


33 at 


OC] ™ 2 Com oo -2.00| 


67330] 82952 | .67534 

67333 [9.82955 | .67538 

267337 | .82957) 67541 

67340] .82959| .67544 

67343] .82961| .67548 

67347 | 9.82963 | 67551 

2673501 .82966| .67555 

67354) .82968| .67558 

67357 | .82970| .67561 

~67360 | 9.82972 | 67565 

67364] 82974] .67568 

-67367 | .82976| .67572 

67371] .82979| .67575 

-67374 | 9.82981 | .67578 

267377] 82983] .67582 

67381] .82985 | .67585 

67384] .82987| .67589 

9.82726 ~67388 [9.82990 | 67592 

25 | .827 67391 | .82992| .67595 

26 | .82730 67395 | .82994| .67599 

£7 82733 -67398 | .82996| .67602 

+ 97 19.82735 | .67197 | 9.82867 | .67401 [9.92998 | .67606 

29 | .82737] .67200] .82869| .67405] .83001| .67609 

$0 | .82730| .67203] .82871| .67408] .83003| .67613 

$1 82741 | .67207] .82873| .67412] .83005| .67616 

Y [9.82744 | 67210 | 9.82876 | .67415 | 9.83007 | .67619 

38 .82746 | .67214] .82878| .67418] .83009| .67623 

$4 | 82748] .67217] .82880| .67422] .83011| .67626 

35 82750 | .67221] .82882| .67425] .83014| .67630 

Y (9.82752 | 67224 | 9.82884 | .6742919.83016 | .67633 

$7 82755 | 267227] .82887| .67432] .83018| .67636 

88 £82757 | 67231] .82889] .67435] .83020| .67640 

39 82759 | .67234] .82891| .67439] .83022| .67643 

+ 1071 9.82761 | .67238 | 9.82893 | .6744219.83025 | .67647 

41 82763 | 67241] .82895] .67446] .83027| .67650 

48 82766 | 67244] .82898| 67449] .83029| .67653 

48 82768 | .67248] .82900| .67452] .83031| .67657 

+ 187 19.82770| .67251 1 9.82902 | .67456 1 9.83033 | .67660 

45 82772 | .67255] .82904| .67459] .83035| .67664 

46 82774 | .67258] .82906| .67463] .83038] .67667 

47 |" 82777) .67261} .82909| .67466] .83040| .67670 

+ 9.82779 | .67265 | 9.82911 | 67469] 9.83042 | .67674 

49 82781 | .67268] .82913] .67473] .83044| .67677 

50 82783 | .67272] .82915| .67476] .83046{ .67681 

61 82785 | .67275) .82917| .67480] .83049] .67684 

+ 137] 9.82788 | .67279 1 9.82920 | .67483 [9.83051 | .67687 

58 82790 | .67282] .82922] .67487] .83053] .67691 

54 £82792 | .67285] .82924| .67490] .83055| .67694 

55 82794 | .67289] .82926| .67493] .83057| .67698 

14 [9.82796 | .67292 | 9.82928 | .67497 1 9.93059 | 67701 

57 82799 | 672961 .82930| .67500] .83062| .67704 

58 82801 | .67299] .82933] .67504] .83064| .67708 

59 82803} 67302] .82935| .67507] .83066| .67711 

7 [9.82805 | 267306 [9.82937 | .67510] 9.83068 | .67715 
16h s9m 16h g3m 16h gym 


83092 
9.83094 
83097 
83099 
83101 
9.83103 
83105 
.83107 
83110 
9.83112 
83114 
83116 
83118 
9.83120 
83123 
83125 
83127 
9.83129 
83131 
83134 
.83136 
9.83138 
83140 
83142 
.83144 
9.83147 
83149 
83151 
83153 
9.83155 
83157 
.83160 
.83162 


9.83164 


83166 
83168 
83170 


9.83173 
83175 
83177 
83179 

9.83181 
83184 
83186 
83188 

9.83190 
83192 
83194 
83197 


9.83199 


67810 
67813 
67817 
67820 


67871 


-67915 
67918 


16h s6m 


ISSS 


9.83216 
83218 
.83220 
.83223 

9.83225 
.83227 
.83229 

183231 

9.83233 

.83236 
83238 
.83240 
9.83242 
83244 
.83246 
.83249 
9.83251 


BEHRSRSSSLSELSS 


> 
baa 


9.83329 
16h $5" 
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Haversines. 


| 7h 25m 111° 18/ | 7h 26m 111° 30/ 7h om 111° 45’ | 7h 99m 112° @ | 72 29m 112° 15/ 


B Log. Hav.) Nat. Havd Log. Hav.) Nat. Havd Log. Hav.| Nat. Hav Log. Hav.] Nat. Hav Log. Hav.| Nat. Havd s 
0 9.83329 | 681221 9.83458 | 68325 1 9.83587 | .6852819.83715 | .68730 1 9. 68932 
1 83331 | .68125 683287 .83589| .68531] .83717| .68734] .83844] .68936 
2 83333 | 681299 .83462| .68332§ .83591| .68535] .83719] .68737] .83847| .68939 
8 83335 | 68132] .83464| .68335§ .83593 | .68538] .83721| .68740] .83849| .68943 
+ IW 1 9.83337] .68135 | 9.83467 | .6833919.83595 | .68564119.83723 | .6874419.83851 | .68946 
6 .83339 | 68139] .83469| .683429 .83597| 68545] .83725| .68747§ .83853| .68949 
6 83342 | 68142] .83471| .68345]) .83600| .68548] .83728| .68751] .83855| .68953 
7 .83344| 68146] .83473| .683499 .83602| .68552] .83730| .687541 .83857] .68956 
: 68352 | 9.83604] 68555 19.83732 | .6875719.83859 | .68859 
-68356 1 .83606| .68558§ .83734| .68761] .83861| .68963 
-68359 7 .83608| 685629 .83736| 687649 .83864| 68966 
68362} .83610| .685659 .83738) .68767— .83866} .68969 
-68366 1 9.83612 | .6856819.83740| .6877119.83868 | .68973 
68369 | .83615] .685939 .83743] .68774] .83870] .68976 
68372 | .83617| .68575] .83745] .68778] .83872] .68980 
68376 — .83619 | .68579] .83747| 68781] .83874] .68983 
68379 1 9.83621 | .6858219.83749 | .6878419.83876 | 68986 
-68383 | .83623 | 685851 .83751] .08788] .83878| .68990 
-68386 | .83625] .68589] .83753| .68791 .83881] .68993 
-68389 | .83627| .68592]7 .83755| .687947 .83883 | .68990 
-68393 1 9.53630 | .68595 1 9.83757 | .68798 1 9.83885 | .69000 
68396 | .83632 | .685091 .83760| .68861] .83887 | .69003 
-68399 | .83634 |. .68602] .83762] .68804] .83889| .69003 
-68403 f .83636 | 68606] .83764 | .68868]7 83891] .69010 
68406 1 9.83638 } .68609 1 9.83766 | .6881119.83893 | .69013 
68410] .83640} .68612] .83768| 68815} .83895] .69017 
684131 .83642| .68616] .83770] .68818§ .83897 | .69020 
684167 .83644| .68619] .83772| .68821]7 .83900| .60623 
268420 | 9.83647 | .68622 19.83774 | .68825 9.83902 | .69027 
-68423 | .53649| .68626] .837771 .68828] .83904| .69030 
68427 83651] .68629) .83779| .68831— .83906| .689033 
68430] .83653] 68633] .83781] .68835— .83908] .69037 
68433 1 9.83655 | .68636 [9.83783 | .6883819.83910] .60040 
68437 | .83657| .68639] .83785 | .68842] .83912] .69044 
68440] .83659 | .686431 .83787] 68845] .83914} .60047 
68443 .83662| .68646 .83789 68848 f .83916| .60050 
; o68447 1 9.83664 | .6864919.83791 | .68852)9.83919 | .60064 
‘ -68450] .83666| .68653] .83794) .68855§ .83921| .68057 
‘ 68454) .83668] .68656] .83796| .68858] .83923] .69060 
68254 .83542]| .68457] .83670| .68660] .83798| .688623 .83925} .69064 
068257 1 9.83544 | 68460 19.83672| .6866319.83800] .6886519.83927 | .69067 
68261] .83546| .68464) .83674] .68666] .83802] .68869§ .83929) .69070 
682641 .83548 | 68467] .83676| .68670] .83804] .68872§ .83931] .60674 
682768 .83550| 68470] .83679} .68673 7 83806) .68875 9 .83933 | .69077 
068271 [9.83552 | .6847419.83681 | .6867619.83808 | .68879 1 9.83935 | .69080 | 
68274) .83555| 68477] .83683 | .68680F .83811] 688835 .83938} .69084 
68278 [| .83557| 684811 .83685| .68683— .83813} 688857 .83940| .69087 
68281 | .83559| 68484] .83687] .68687] .83815] 688897 .83942| .690e1 
068284 19.83561 | 68487 1 9.83689 | .6869019.83817 | 688921 9.83944 | .69004 
-68288 | .83563} .68491) .83691| .68693] .83819| .68895§ .83946| .69087 
68291 — .83565| 68494] .83694| .68697] .83821] .68899— .83948| .69101 
68295 | .83567| .68497] .83696| .687007 .83823| .689027 .83950) .69104 


-68298 1. 9.83570 | 68501 §9.83698 | .6870319.83825 | .6890619.83952 | .69107 
-68301§ .83572| .68504) .83700| .687077 .83828| .68909) .83955/| .60111 
-68305 | .83574 | .68508} .83702}| 68710] .83830| 688912) .83957; .60114 

68511) .83704| .68713} .83832 | 688916} .83959| 69117 
68312 1 9.83578 | .68515 [9.83706 | .68717 | 9.83834 | .6891919.83961 | .69121 
068315] .83580| .68518 .83708) .68720] .83836| 68922] .83963 | .60124 
68318 | .83582 | 68521] .83711| .68724— .83838 | 689269 .83965| .69127 
68322 5 .83585 | .68525§ .83713] 68727], 83840] .68929F .83967| 69131 
68325 1 9.83587 | .68528 1 9.83715 | .65730 1 9.83842 | .6893219.83969 | .69134 


164 84m 16h gsm 16h sem 164 s1m 16h som 


10 

eA 
8 
7 
6 
6 
4 
$ 
2 
1 
0 


| 7h som 112° 80” | 7h s1m 112° 45/ 7h sem 113° | 7h sm 113° 15/ 


8 
Oo 19.83969 
1 83971 
2 83974 
8 83976 
+ 17179.83978 
5 83980 
6 83982 
7 83984 
+ 2 9.83986 
9 83988 
10 83990 
11 83992 
9.83995 
18 83997 
14 .83999 
15 84001 
+ 4&# 19.84003 
17 84005 
18 84007 
19 84009 
9.84011 
21 84014 
22 84016 
23 84018 
9.84020 
£5 84022 
26 84024 
£7 84026 
+ 7719.84028 
84030 
$0 .84033 
$1 84035 
+ 9.84037 
S$ 84039 | 69245 
84041 | .69248 
$5 84043 | .69252 
9.84045 | .69255 
87 84047] . 
88 84049 | . 
89 84051| . 
+ 10 | 9.84054| . 
41 84056 | . 
42 84058 
48 84060 
+ 117 179.84062 
46 .84066 
47 84068 
+ 9.84070 
49 .84072 
50 84075 
51 84077 
+ 137 [9.84079 
58 84081 
54° 84083 
55 84085 
+ 147 [9.84087 
57 84089 
58 84091 
59 84093 
+ 157 9.84096 


16h 28m 


69336 | 9.84221 
689339 | .84223 
693425 84226 
69346 .84228 
69349 | 9.84230 
69352] .84232 
69356 84234 
-69359 | .84236 
69362 | 9.84238 
69366} .84240 
69369} 84242 
69372] .84244 
069376 | 9.84246 
-69379] .84248 
69382] .84251 
69386 | .84253 
69389 | 9.84255 
069393 | .84257 
69396 | .84259 
e69399 | .84261 
069403 | 9.84263 
694067 .84265 
069409 | 84267 
69413 | .84269 
69416 | 9.84271 
-69419} 84274 
68423 | .84276 
69426 | .84278 
069429 | 9.84280 
069433 | .84282 
069436] .84284 
-69439 | .84286 
69443 | 9.84288 
69446] 84290 
69450] .84292 
069453 f .84294 
069456 | 9.84296 
-69460} .84299 
69463] .84301 
634667 .84303 
69470 | 9.84305 
69473} 84307 
0694767 = .84309 
-69480] 84311 
69483 | 9.84313 
069486 F .84315 
069490) .84317 
69493 7.84319 
69496 | 9.84321 
069500 .84324 
069503 | .84326 
069506 | .84328 
069510 | 9.84330 
069513 fF .84332 
069516] .84334 
069520] .84336 
069523 | 9.84338 
069527 1.84340 
069530 F .84342 
-69533 [| .84344 
069537 | 9.84346 


16h 27m 


69563 


e 
eZ 


i 


HF 


69737 | 9.84471 


: 
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TABLE 34. [Page 347 
Haversines. 
7h 35m 118° 45’ | 7h 6m 114° | 7h s7m 114° 18’ | 7h S8m 114° SO’ | 7A 89m 114° 45/ 
8 Log. Hav. Log. Hav.| Nat. HavJ Log. Hav.| Nat. Havd Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav] s 
9.84595 9.84718 | .70337 1 9.84841 | .7053619.84963 | .70735 1 9.85085 60 
84597 84720 | 403409 .84843 84965 | 70738] .85087 59 
84599 .84722 | .J0343 7 .84845 .84967 | -d0741 7 .85089 58 
.84601 84724 |] 403474 .84847 84969 | -d0745 7 .85091 57 
9.84603 9.84726 | .40350 } 9.84849 9.84971 | 30748 1 9.85093 56 
84605 .84729 | .40353] .84851 84973 | 207517 .85095 55 
.84607 84731 | .J0357f .84853 84975 | .¢0755 7 .85097 54 
.84609 .84733 | .J0360] .84855 .84977 | .d07587 .85099 5S 
9.84611 9.84735 | ~%0363 | 9.84857 9.84979 | .7076119.85101 52 
.84613 .84737 | 03677 .84859 84982 | .707G49 .85103 1 
.84616 .84739 | .403707 .84861 84984 | 407681 .85105 50 
.84618 84741 | .70873] .84863 84986 | JO0771 7 .85107 49 
9.84620 9.84743 | .70377 | 9.84866 9.84988 | 707741 9.85109 48 
.84622 .84745 | .40380] .84868 84990 | .40778 7 .85111 47 
84624 84747 | 03837 .84870 84992 | 70781] .85113 46 
.84626 .84749 | .70387} .84872 .84994 | .707847 .85115 45 
9.84628 9.84751 | .%0390 | 9.84874 9.84996 | .%0788 | 9.85117 44 
84630 .84753 | .40393 .84876 84998 | .40791 7 .85119 43 
.84632 .84755 | «40397 | .84878 .85000 | 407947 .85121 42 
.84634 .84757 | 1.404007 .84880 .85002 | .J0798 7 .85123 Al 
9.84636 9.84759 | .%70403 1 9.84882 9.85004 | 40801 1 9.85125 40 
.84638 84761 | .40407 3 .84884 80006 | 408049 .85127 59 
.84640 .84763 | 70410] .84886 85008 | 40807 F .85129 
.84642 84765 | .J0413 7 .84888 85010] 708127 .85131 
9.84644 9.84767 | 470417 | 9.84890 9.85012 | 70814 | 9.85133 
.84646 .84770 | 904207 .84892 80014} .J0817 9 .85135 
84648 84772 | 40423] .84894 85016 | .¢0821 9 .85137 
84651 84774 | .70426 9 .84896 85018 | .30824] 85139 
9.84653 9.84776 | #0430 | 9.84898 9.85020] 40827 1 9.85141 
.84655 .84778 | 20433] .84900 85022 | -J0831 7 .85143 
.84657 .84780 | 704364 .84902 85024] 708349 .85145 
.84659 .84782 | .30440] .84904 .85026 | .J0837 5 .85147 
9.84661 9.84784 | 30443 | 9.84906 9.85028] 70840 1 9.85149 
84663 84786 | 40440} .84908 85030] .J0844]7 .85151 
.84665 .84788 | .404507 .84910 .85032 | .J0847] .85153 
.84667 .84790 | .70453— .84912 .85034 | .J08504 .85155 
9.84669 9.84792 | 70456 | 9.84914 9.85036 | 70854 1 9.85158 
84671 .84794 | 40460} .84916 £5038 | 408577 .85160 
.84673 .84796 | 404634 .84919 .85040 | .¢08609 .85162 
84675 .84798 | .J04669 .84921 85042 | 70864) .85164 
9.84677 9.84800 | 20470 1 9.84923 9.85044 | 70867 1 9.85166 
.84679 .84802 | 40478] .84925 85046 | .70870F .85168 
.84681 .84804 | 40496] .84927 85048 | 708749 .85170 
.84683 84806 | £0480] .84929 85050 | .70877§ .85172 
9.84685 9.84808 | .70483 1 9.84931 9.85052 |} 20880 | 9.85174 
.84688 84810] -J0486 9 .84933 85054 | .708844 .85176 
.84690 84812 | .J0490F .84935 .85057 | -40887 7 .85178 
.84692 84815 | .70493] .84937 .85059 | .70890F = .85180 
9.84694 9.84817 | .70496 | 9.84939 9.85061 | .70893 | 9.85182 
.84696 84819 | 304997 .84941 85063 | .d0897 9 .85184 
.84698 84821] 405037 .84943 85065 | 40900] .85186 
.84700 84823 | 705067 .84945 .85067 | .40903 7 .85188 
+ 13 | 9.84702. 9.84825 | ~40509 | 9.84947 9.85069 | 70907 1 9.85190 
58 .84704 84827 | .f0513 7 .84949 .85071 | £0910] .85192 
54 84706 84829 | 305164 .84951 £85073 | 20913] .85194 
55 .84708 84831] 20519] .84953 | .707187 .85075| 709167 .85196 
+ 14’ 1 9.84710 9.84833 | .%0523 [9.84955 | .%072119.85077 | .70920 1 9.85198 
57 84712 848351] 80526] .84957 | 40725] .85079| .J08237 .85200 
58 84714 84837 | eJ0529 97 .84959 | 407297 .85081! 709264 .85202 
59 .84716 84839 | 70533] .84961) .J0731 7 .85083 | 709307 .85204 
+ 1 1 9.84718 9.84841 | 20536 19.84963 | .7073519.85085 | 70933 | 9.85206 
16h 24m 16h 25m 16h 2¢m 16h g1m 


O 9.85206] .71131 271328 

1 85208 | 71134] .85328| .71332 

2 85210 | .71138] .85330] .71335 

8 85212 | .71141] 85332] .71338 
+ 17 79.85214| .7114479.85334 | 71342 
5 85216 | 271147] .85336| .71345 

6 85218 | .71151] .85338] .71348 

7 85220} .71154] .85340| .71351 
+ 2 19.85222| 71157 [9.85342 | .71355 
9 .85224| .71961} .85344] .71358 
10 85226 | .71164] .85346| .71361 
11 85228] .71167] .85348] .71365 
+ 37 199.85230| .7117019.85350 | .71368 
18 85232 | .7174] 85352] .71371 
14 85234] 71177] 85354] .71374 
15 85236 | .71180] .85356| .71378 
4’ 19.85238 | .71184 9.85358 | .71381 

17 85240 | .71187] .85360] .71384 
18 85242 | .71190] .85362] .71388 
19 85244] 71194] .85364| .71391 
+ 6’ [9.85246 | .71197 1 9.85366 | .71394 
21 (85248 | 71200] .85368 | .71397 
£2 85250 | 71203] .85370] .71401 
23 85252 | .71207] .85372 | .71404 
@ 19.85254 | 71210 [9.85374 | .71407 

£5 85256 | .71213] .85376| .71411 
26 85258] .71217] 85378 | 71414 
27 85260 | .71220] .85380] .71417 
+ VY 19.85262] .71223]9.85382 | .71420 
29 85264 | .71226] .85384| .71424 
$0 85266 | .71230] .85386 | .71427 
$1 85268 | .71233] .85388 | .71430 
8’ 19.85270| .71236 1 9.85390 | .71434 

88 85272 | .71240] .85392] .71437 
$4 85274 | 271243] .85394| .71440 
$5 85276 | .71246] .85396 | .71443, 
+ 9 19.85278| .712491 9.85398 | .71447 
$7 85280 | .71253] .85400| .71450 
$8 85282 | .71256] .85402| .71458 
$9 85284 | .71259] .85404| .71456 
+ 10 [9.85286 | .71263 9.85406 | .71460 
41 85288 | .71266] .85408| .71463 
42 85290 | .71269] .85410| .71466 
438 85292 | .71273] .85412| .71470 
+ 117 19.85294 | .71276]'9.85414 | .71473 
45 85296 | 71279] .85416| .71476 
46 85298 | 71282] .85418| .71480 
47 85300 | .71286] .85420| .71483 
+ 127 ]9.85302 | .71289 9.85422 | .71486 
49 85304 | .71292} .85424| .71489 
50 85306 | .71296] .85426] .71493 
51 .85308 | .71289] .85428| .71496 
+ 137 [9.85310 | .71302 [9.85430 | .71499 
58 85312 | .71305] .85432| .71563 
54 85314 | .71309] .85434] .71506 
55 85316 | 91312] .85436| .71509 
“+ 147 79.85318 | «71315 [9.85438 | .71512 
57 85320 | .71319] .85440| .71516 
58 85322 | .71322] .85442| .71519 
59 85324 | .71325] .85444| .71522 
+ 157 [9.85326 | .71328 [9.85446 | .71526 

16h 19m 16h 18m 


Kool a Ed yh 49m 115° 30” | 7h 459m 115° 


Log. Hav. 


Nat. Havj Log. Hav. 


9.85326 


9.85494 


9.85510 


9.85542 


9.85557 


9.85565 


9.85478 
85480 
85482 
85484 

9.85486 
85488 
.85490 
85492 


85496 
85498 
85500 
9.85502 
85504 
85506 
85008 


89012 
85514 
89016 


9.85518 


85520 
85522 
85524 


9.85526 


9.85534 
85536 
85538 
85540 


85544 
.85546 
85548 
9.85550 
85552 
85554 
89500 


85559 
85561 
85563 


16h 17m 


0d 1722 


80067 
85569 
85571 


9.85573 


285575 
280077 
.85579 
9.85581 
85583 
85585 
85987 
9.85589 
85591 
85593 
25595 
9.85597 
85599 
85601 
85603 
9.85605 
.85607 
85609 
85611 
9.85613 
85615 
85617 
85619 
9.85621 
85623 
85625 
85627 
9.85629 
85631 
85633 
85635 
9.85637 
85639 
85641 
85643 
9.85645 
85647 
85649 
80651 
9.85653 
85654 
85656 
85658 
9.85660 
85662 
85664 
85666 
9.85668 
85670 
85672 
85674 
9.85676 
85678 
.85680 
85682 


9.85684 


16h 16m 


| Nat. Havd Log. ons er 


9.85565 


081775 


LLP KBIVsss |e 


071762 
071765 
041768 
031791 


041378 
041781 
041784 


SRHRSERESS 


~71827 .72023 | 28 
~71830} 85749 | .72020] 27 
271834] .85751| .72630] 26 
.71837] 85753 | 72083] 25 
-71840 | 9.85755 | .72036 | 24 
.71843] 85757 | .72039] 25 
271847] 85759 | .72043] 22 
-71850] .85761| .72046] 21 
~71853 | 9.85763 | .72049 
271856 | .85765| .72052 
.71860} .85767| .72056 
.71863} .85769| .72059 
-71866 | 9.85771 | .72062 
271870] .85773 | .72066 
271873] .85775 | .72069 
-71876 | .85777 | .72072 
271879 [9.85779 | .72075 
271883 | 85781] .72679 
271886] .85783| .72082 | 70 
-71889 | .85785 | .72085] 9 
271892 | 9.85787 | .72088] 8 
-71896 | .85788} .72092] 7 
-71899 | .85790| .72095] 6 
.71902] .85792| .72088] 5 
-71905 [9.85794 | .72101] 4 
-71909 | .85796| .72105] $ 
071912} .85798| .72108] 2 
271915] .85800} .72111] 7 
271919 | 9.85802 | .72114] 0 
16h 16m 


. 7h 45m 116° 15/ | 7h 46m 116° 30’ | 74 47™ 116° 45/ 
Nat. Hav4 Log. Hav.) Nat. Hav 


8 Log. Hav. 
9.85802 

85804 

.85806 

.85808 

+ Y 1 9.85810 
& 85812 

6 .85814 

7 .85816 
+ 2% 19.85818 
9 .85820 
10 .80822 
11 .85824 
3 1 9.85826 

18 .89828 
14 .80830 
15 .80832 
4’ 19.85834 

17 .80836 
18 .85838 
19 .85840 
+ & 19.85841 
21 80843 
22 .85845 
23 .80847 
at 6 1 9.85849 
25 80851 
26 .85853 
27 .85855 
2 1 9.85857 

29 .85859 
50 85861 
$1 .85863 
“+ 8 19.85865 
SS .85867 
$4 .85869 
35 .85871 
+ WY 19.85873 
$7 .80879 
$8 .80877 
89 .85879 
+ 10 | 9.85881 
41 85883 
42 .85885 
4$ .85887 
+ LW’ 1 9.85888 
45 -85890 
46 .85892 
47 .85894 
+ 1% 1 9.85896 
49 -85898 
50 .80900 
$1 85902 
+ 13’ 1 9.85904 
58 .85906 
54 .89908 
55 .85910 
+ 14 1 9.85912 
57 80914 
58 .80916 
59 .80918 
fe 157 19.85920 
16h 


Nat. Hav4 Log. Hav. 
ef2il4 | 9.85920 
ef2118 | .85922 
ef21Z1 | .85924 
ef212h | .85926 
0382127 § 9.85928 
ef@idi | .85930 
of 2134 | .85931 
ef2idd § 85933 
032141 1 9.85935 
of2144 § .85937 
082147 T= .85939 
042150 | .85941 
of 2154 | 9.85943 
042152 85945 
042160 | .85947 
042163 fF .85949 
042167 | 9.85951 
042170 | 185953 
082173 | .85955 
02176 F 85957 
072188 | 9.85959 
of2183 f .85961 
072186 | .85963 
0472189 | .85965 
032193 | 9.85967 
042196 | .85969 
042199 | .85971 
ofae0e | .80972 
02206 § 9.85974 
072209 | .85976 
ed2al2 f .85978 
of2215 | .85980 
of 2219 1 9.85982 
edazee t .80984 
ed2zee | .80986 
odazee § .85988 
od2ezae | 9.85990 
082235 | .85992 
of2za8 | .85994 
oA22hAZ FT 85996 
of R245 1 9.85998 
042748 | .86000 
o2e51 § .86002 
of2205 | .86004 
082208 | 9.86006 
et2761 | .86008 
ef2z64 | .86010 
042268 | .86011 
ef2eel | 9.86013 
edazeh i .86015 
edzzde ft 86017 
722781 | .86019 
072284 1 9.86021 
of2287 | = .86023 
042290 f = .86025 
042294 | .86027 
0f2297 1 9.86029 
042300 | .86031 
042303 | .86033 

72307 | = .86035 


~92310 | 9.86037 
14m 


§41524°—_43——_ 48 


16h 13m 


TABLE 34, 


Haversines. 


-72310 | 9.86037 
-72313 | .86039 
.72316 | .86041 
-72320 | .86043 
-72323 | 9.86045 
-72326 | .86046 
72329 | .86048 
.72333 | .86050 
-72336 | 9.86052 
.72339 | .86054 
72342 | .86056 
72346 | .86058 
-72349 | 9.86060 
-72352 | 86062 
-72355 | .86064 
-72359 | .86066 
-72362 | 9.86068 
.72365 | .86070 
.72368 | .86072 
-72372 | _.86074 
-123%8 | 9.86076 
.72378 | .86078 
.72381 | .86080 
-72385 | .86081 
-72388 | 9.86083 
-72391 | .86085 
-72394 | .86087 
-72388 | .86089 
-72401 | 9.86091 
-72404 | 86093 
-72407 | .86095 
72411 | .86097 
272414 | 9.86099 
72417 | .86101 
-72420 | .86103 
72424 | .86105 
9.86107 
86109 
86111 
86112 
9.86114 
86116 
86118 
86120 
9.86122 
86124 
86126 
86128 
9.86130 
86132 
86134 
86136 
9.86138 
86140 
86142 
86143 
9.86145 
86147 
86149 


86151 


7h 48m 117° | 7h 49m 
Log. Hav.| Nat. HavJ Log. Hav 
9.86153 | 72700 1 9.86269 
86155 | 42703 | .86271 
.86157 | 42706 | .86273 
.86159 | 72708 | .86275 
9.86161 | 2712 | 9.86277 
86163 | .¢2716 | .86279 
86165} 2719 | .86281 
.86167 | 42722 | .86282 
9.86169 | od2725 | 9.86284 
.86171 | 42729 | .86286 
86173 | 42732 | .86288 
86174 | .¢2735 | .86290 
9.86176 | «72738 | 9.86292 
86178 | 42742 | .86294 
-86180 | .42745 | .86296 
.86182 | .42748 | .86298 
9.86184 | .%2751 | 9.86300 
86186 | «42755 | .86302 
86188 | .¢2758 | .86304 
86190 | -d2761 | .86306 
9.86192 | .¢2764 § 9.86307 
86194 | .72768 | .86309 
86196 | 2771 | .86311 
2580 | .86198 | .¢2774 | .86313 
9.86200 | 42777 § 9.86315 
-86201 | .%2780 | .86317 
.86203 | 42784 1 .86319 
86205 | 424879 | .86321 
9.86207 | -¢2790 | 9.86323 
86209 | 42793 | .86325 
86211] .42797 | .86327 
.86213 | .¢2800 | .86329 
9.86215 | .%72803 | 9.86331 
86217 86332 
.86219 .86334 
.86221 86336 
9.86223 9.86338 
.86225 .86340 
.86227 86342 
.86229 .86344 
9.86230 9.86346 
86232 .86348 
86234 .86350 
.86236 86352 
9.86238 9.86354 
.86240 86355 
86242 .86357 
86244 .86359 
9.86246 9.86361 
.86248 .86363 
86250 86365 
.86252 .86367 
9.86254 9.86369 
.86256 .86371 
.86257 86373 
.86259 86375 
9.86261 | .%2881 | 9.86377 
86263 86379 
86265 86380 


86267 
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117° 18/ 
.| Nat. Hav 


86382 
9.86384 


072894 
042897 
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Page 350] TABLE 34., ° 
Haversines. 
Th 50m 117° 80’ | Yh 51" 117° 45/ | 7h Fem 118° O& | Yh Som 118° 15/ | 7h 54m 118° 30’ 
8 og. Hav.| Nat. Hav4 Log. Hav.| Nat. Hav4 Log. Hav|. Nat. Hav7 Log. Hav.| Nat. Havi Log. Hav. 8 
O |9.86384| .78087 | 9.86499 | .73281 1 9.86613 | .73474 | 9.86727 | .73666 | 9.86840 60 
1 .86386 | .73081 | .86501| .73284 ] .86615 .86729 | .73669 | .86842 59 
2 .86388 | .73094 | .86503| .73287 ] .86617 .86730 | .73672 | .86843 58 
8 .86390 | .73097 | .86505| .73200 | .86619 .86732 | .73676 | .86845 57 
9.86392 | .73100 [9.86507 | .73294 [9.86621 9.86734 | .33679 | 9.86847 56 
8 .86394 | .73104 | 86509 | .73297 | .86623 .86736 | .73682 | .86849 55 
6 86396 | .73107 | .86510| .73300 | .86625 .86738 | .73685 | .86851 54 
7 86398 | .73110 | 86512 | .73303 | .86626 .86740 | 273688 | .86853 58 
“8 19.86400| .73113 | 9.86514 | .73306 [9.86628 9.86742 | .73692 | 9.86855 52 
9 86401 | .73116 | .86516| .73310 | .86630 .86744 | .73685 | .86857 51 
10 86403 | .73120 | .86518| .73313 | .86632 .86746 | .73698 | .86859 50 
11 .86405 | .73123 | .86520| .73316 | .86634 .86747 | .73701 | .86860 49 
9.86407 | .73126 1 9.86522 | 73319 [9.86636 9.86749 | .73704 | 9.86862 48 
18 .86409 | .73129 | .86524| .73323 | .86638 .86751 | .273706 | .86864 47 
14 88411 | .73133 | .86526 | .73326 | .86640 .86753 | .73711 | .86866 46 
15 .86413 | .73136 | .86528 | .73329 | .86642 .86755 | .73714 | .86868 45 
“+ 4 (9.86415 | .33139 [9.86529 | .73332 [9.86643 9.86757 | «23717 | 9.86870 44 
17 .86417 | .73142 | 86531 | .73335 | .86645 .86759 | .73720 | .86872 48 
18 .86419 | .73145 | .86533 | .73339 | .86647 86761 | 73724 | .86874 42 
19 .86421 | .73149 | .86535 | .73342 | .86649 .86763 | .73727 | .86875 41 
+ & [9.86423 | .73152 [9.86537 | .73345 [9.86651 9.86764 | 73730 | 9.86877 40 
21 86424 | .73155 | .86539| .73348 | .86653 .86766 | .73783 | .86879 39 
22 86426 | .73158 | .86541| .73351 | .86655 .86768 | .73736 | .86881 $8 
28 86428 | .73162 | .86543| .73355 | .86657 .86770 | .73740 | .86883 $7 
+ @ [9.86430 | .33165 [9.80545 | .73358 [9.86659 9.86772 | .73743 | 9.86885 
£65 .86432 | .73168 | .86547| .73361 ] .86661 86774 | .73746 | .86887 
26 86434 | .73171 | .86549| .73364 |] .86662 .86776 | .73749 | .86889 
27 86436 | .73174 | .86550| .73368 | .86664 .86778 | .93752 | .86890 
+ ¥ [9.86438 | .73178 [9.86552 | .73371 [9.86666 9.86780 | .73756 | 9.86892 
29 86440 | .73181 ]| 86554 | .73374 | .86668 .86781 | .737589 | .86894 
80 86442 | .73184 | .86556 | .73377 | .86670 86783 | 337 ; 
$1 86444 | .73187 | .86558 | .73380 | .86672 86785 | .73765 | .86898 
“+ & [9.86446 | .73191 | 9.86560 | 73384 [9.86674 9.86787 | .73768 | 9.86900 
83 .85447 | .73194 ]| .86562 | .73387 | .86676 .86789 | .73772 | .86902 
54 .86449 | .73197 | .86564| .73390 | .86678 .86791 | 273775 | .86904 
365 86451 | .73200 | .86566| .73383 | .86679 .86793 | .73778 | .86905 
+ 9 [9.86453 | .73203 [9.86568 | .73396 [9.86681 9.86795 | .73781 | 9.86907 
$7 86455 | .73207 | .86569| .73400 | .86683 .86796 | .73784 | .86909 
$8 .86457 | .73210 | .86571| .73403 | .86685 .86798 | .73788 | .86911 
39 86459 | .73213 | .86573 | .73406 | .86687 .86800 | .73791 | .86913 
+ 10 |9.86461 | .73216 [9.86575 | .73409 [9.86689 9.86802 | .73794 [9.86915 
41 86463 | .73220 | .86577| .7 .86691 .86804 | .78797 | .86917 
42 86465 | .73228 | .86579 | .73416 | .86693 .86806 | .73800 | .86919 
48 .86467 | .73226 | .86581 | .73419 | .86695 86808 | .73804 | .86920 
+ if [9.86468 | .73229 [9.86583 | .73422 [9.86696 | .73615 | 9.86810 | .73807 | 9.86922 
45 .86470 | .73232 | .86585 | .73425 | .86698 .86812 | .73810 | .86924 
46 .86472 | .73236 | .86587 | .73428 | .86700 .86813 | .78813 | .86926 
47 .86474 | .73230 | .86588 | .73432 | .86702 .86815 | .73816 | .86928 
+ 12 [9.86476 | .73242 [9.86590 | .73435 1 9.86704 9.86817 | .73820 | 9.86930 
49 .86478 | .73245 | .86592| .73438 | .86706 .86819 | .73828 | .86932 
50 86480 | .73249 | .86594| .73441 ] .86708 .86821 | .73826 | .86933 
51 86482 | .73252 | .86596| .73445 | .86710 .86823 | .73829 | .86935 
+ 137 [9.86484 | .73255 | 9.86598 | .73448 [9.86712 9.86825 | .73832 | 9.86937 
58 .86486 | .73258 | .86600| .73451 | .86713 .86827 | .73836 | .86939 
54 .86488 | .73261 | .86602 | .73454 | .86715 86828 | .73839 | .86941 
55 .86489 | .73265 | .86604| .73458 | .86717 86830 | 73842 | .86943 
9.86491 | .73268 19.86606 | 73461 [9.86719 9.86832 | .73848 | 9.86945 
.86493 | .73271 | .86607| .73464 | .86721 .86834 | .73848 | .86947 
.86495 | .73274 | .86609 | .73467 | .86723 .86836 | .73852 | .86948 
86497 | .73278 | .86611| .73470 | .86725 .86838 | .73855 | .86950 
9.86499 | .7325% |9.86613 | .73474 [9.86727 9.86840 | 73858 [9.86952 
16h gm 16h 7m 16h 6m 16h 6m 


V 


Ee 
NAG [tend / @ 


+ 
bea, 
QO 6 


11 


+ 4 
57 
58 
59 


+ is 


Log. Hav.| Nat. Havd Log. Hav. 


9.86952 
86954 
86956 
.86958 

9.86960 
86962 
86963 
.86965 

9.86967 
86969 
86971 
.86973 

9.86975 
.86977 
86978 
.86980 

9.86982 
86984 
.86986 
86988 

9.86990 
.86991 
.86993 
86995 

9.86997 
86999 
87001 
87003 

9.87004 
.87006 
.87008 
.87010 

9.87012 
87014 
87016 
.87018 

9.87019 
87021 
87023 
87025 

9.87027 
87029 
87031 
87032 


9.87034 


9.87057 
87059 
.87060 
.87062 


9.87064 


44110 
044113 
44116 
044120 
044123 
024126 
044120 
044132 
044135 
044139 
44142 
044145 
044148 
044151 


044174 
044177 
044180 
044183 
-24186 
74190 
044193 
044196 
044199 


044202 


0442374 
044240 


16h 4m 


9.87094 
87096 
87098 
.87100 

9.87101 
87103 
87105 
87107 

9.87109 
87111 
87112 
87114 


9.87116 
87118 
87120 
87122 

9.87124 
87125 
87127 
.87129 


9.87131 
.87133 
87135 
87137 

9.87138 
.87140 
87142 
87144 

9.87146 
.87148 
87149 
87151 

9.87153 
87155 
87157 
.87159 

9.87161 
.87162 
.87164 
.87166 

9.87168 
.87170 
87172 
.87174 


9.87175 


TABLE 34, 


Haversines. 


Nat. Hav 
044240 


044374 
044377 
044380 
044383 
044387 
-44390 
024393 
-44396 


44428 
074431 


16h sm 


9.87175 
87177 
87179 
87181 


9.87183 


87185 
87187 
87188 


9.87190 


.87192 
87194 
87196 


9.87198 


.87199 
87201 
.87203 


9.87227 
.87229 
87231 
87233 


9.87235 


87236 
87238 
.87240 
9.87242 
87244 
87246 
.87248 
9.87249 
87251 
.87253 
87255 
9.87257 
.87259 
.87260 
87262 
9.87264 
.87266 
.87268 
87270 
9.87271 
87273 
87275 
87277 
9.87279 
87281 
87283 
87284 
9.87286 


7h 57m 119° 15/ 
Log. Hav. 


Nat. Hav 
044431 


074491 
o44494 
~44498 
044501 
074504 
044507 
044510 
044514 
044517 
044520 
044523 
024526 
044529 


044590 
024593 
044596 
074599 
24602 
044605 
044609 
044612 
034615 
74618 


74621 


16h em 
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7h 58" 119° 30’ | 7h 59m 119° 45/ 
Log. Hav.| Nat. Havj Log. Hav.| Nat. Havi s 


9.87286 | 44621 | 9.87396 
.87288 
.87290 

187292 

9.87294 
.87295 
.87297 
87299 


9.87301 
.87303 
.87305 

_:87306 

9.87308 
87310 
87312 
87314 

9.87316 
87318 
87319 

187321 

9.87323 
87325 
87327 

87329 

9.87330 
87332 
.87334 
87336 

9.87338 
.87340 
87341 
.87343 

9.87345 
.87347 
87349 
87351 

9.87352 
87354 
.87356 
.87358 

9.87360 
87362 
.87363 
87365 

9.87367 
87369 
87371 
.87373 

9.87374 
87376 
.87378 
.87380 

9.87382 
87384 
87385 
.87387 

9.87389 
87391 
87393 
87395 


9.87396 
16h 1m 


9.87492 
87493 
87495 
.87497 

9.87499 
87501 
87502 

244808 f .87504 


044811 | 9.87506 


Page $52] TABLE 34. 
Haversines. 

&h Om 120° O@ =| Sh 2m 120° 3 | Sh 4m 121° & 
Log. Hav.| Nat. Hav4 Log. Hav.) Nat. Hav Log. Hav.) Nat. Hav 

O 01 9.87506 | 0.75000 | 9.87724 | 0.75379 | 9.87939 | 0.75752 
87510 | 2450061 .87727| 45383] .87943| .75758 
87513 | .%5013] .87731| .75389] .87947| 75764 
87517 | .5019] .87735| .75396 7 .87950| .75771 
9.87521 | 0.75025 | 9.87738 | 0.75402 | 9.87954 | 0.75777 
87524 | 2450329 .87742| .%5408] .87957]| .75783 
87528 | 045038] .87745| .%6415} .87961]| .75789 
87532 | 025044] .87749| .¢5421] .87964| .75795 
9.87535 | 0.75050 | 9.87753 | 0.75427 1 9.87968 | 0.75802 
87539 | 045057] .87756) 45433] .87971]| .75808 
87543 | 245063 .87760} 45440] .87975| .75814 
87546 | 350699 .87764| 75446] .87979| .75820 
9.87550 | 0.75075 I 9.87767 | 0.75452 | 9.87982 | 0.75827 
87503 | of50829 .87771| .75458]7 .87986| .75833 
87507 | ef5088] .87774| .%564654 .87989| .75839 
87561 | 75094] .87778| IG471] .87993| .75845 
9.87564 | 0.76101 | 9.87782 | 0.75477 | 9.87996 | 0.75852 
87068 | 45107] .87785| .%5483] .88000| .75858 
87572 | #51139 .87789| .¢64907 .88004| 75864 
87575 | e&5120] .87792| .75496] .88007| .75870 
9.87579 | 0.75126 | 9.87796 | @.95502 | 9.88011 | 0.75876 
87583 | #51328 .87800| .%5508! .88014| .75883 
87586 | 2451387 .87803 | .%5515] .88018| .7%5889 
87590 | 5145] .87807}| .%5521] .88021| .75895 
9.87593 | @.75151 } 9.87810 | 0.75527 | 9.88025 | 0.75901 
87597 | 095157] .87814| .~#5533} .88029| .75908 
87601 | 45164] .87818| 755407 .88032| .75914 
.87604| #5170] .87821| .%5546] .88036| .75920 

56+14 | 9.87608 | 0.75176 1 9.87825 | 0.75552 | 9.88039 | 0.75926 
9.87612 | 0.75182 | 9.87828 | 0.75558 | 9.88043 


045195 
045201 
045208 


0.75214 


9.88117 
88121 
88124 
88128 

9.88131 
88135 
88139 
88142 


9.88273 | 0.76335 


0.76113 | 9 


046119 


88192 


8h 6m 121° 30 | 3h Sm 122° 


9.88153 | 0.76125 | 9.88364 


9.88181 | 0.76175 
88185 | 46181 
88188 | 76187 
26193 


046323 
046329 


.88276 
.88280 
88283 


od6342 
046348 
046354 
0.76360 


Log. Hav.| Nat. Hav Log. Hav. Nat. Havd 8 
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TABLE 34. 


Haversines. 
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Sh 10™ 122° SO | Sh 12m 123° O | 8h 14m 123° 30 | Sh 16m 124° O | Sh 18m 124° 3 


’ | Log. Hav. NG Hay: Hav 4 Log. Hav.) Nat. Hav4 Log. Hav.) Nat. Havd Log. Hav. Nat, Hav. HavJ Log. Hav.) Nat. Havd 8 

0 @19.88573 0.76865. 9.88780 | 0.77232 | 9.88984 | 0.77597 | 9.89187 0.77960. 9.89387 | 0.78320 | 60 
88576 | ¢6871 9.88783] 772389 .88 77603 .89190| .77966]) .89391] 783261 58 
-88580 | .46877 .88787 | 77244 .89194 048332 | 56 
88583 | .46883] .88790 | .77250 89197 78338 | 54 
9.88587 | @.76890 I 9.88793 | 0.97256 9.89200 9.89400 0.78344 | 52 
-88590 | .%6896] .88797 | .d7262 -89204 | -%7990] .89404] .783501 50 
88094 | 46902] .88800] 77269 89207 | .%79967 .89407| 78356] 48 
88597 | .d6908] .88804| .77275 89210 | .78002]7 .89411| .78362 5 46 
9.88600 ; 0.76914 | 9.88807 | 0.77281 9.89214 | 0.78008 | 9.89414 , 0.78368 | 44 
88604 | .d6920} .88811 | .77287 89217 | .¢8014]7 .89417]| .783741 42 
88607 | 6926] .88814} 77293 .89221 89421 | .78380 ] 40 
88611] 768325 .88817| .77299 .89224 .89424 | .%8386 5 S88 
9.88614 | .076939 | 9.88821 | 0.77305 9.89227 9.89427 | 0.78392 I $6 
88618 | .76945] .88824] .¢7311 89231] .78038] .89431| .78398] $4 
88621 | .%6951] .88828|] .77317 89234 | 480449 .89434| .78404) $2 
88625 | 46957] .88831] 77323 89237 | 98050] .89437| .78410] SO 
9.88628 | 0.76963 | 9.88835 | 0.77329 9.89241 | 0.78056 | 9.89441 | 0.78416 | 28 
88632 | 76969} .88838 | .77336 .89244| 48062] .89444| .78422] 26 
88635 | 76995 | .88841] .77342 89247 | 38068} .89447| .78428 5 24 
.88639 | .J6981 7 .88845] .77348 89251 | 780744 .89450| .78434] 22 
9.88642 | 0.76988 1.9.88848 | 0.77354 9.89254 | 0.78080 | 9.89454 | 0.78440 I 20 
88645 | .46994] .88852| .77360 89257 | 8086] .89457| 8446] 18 
.88649 | .77000] .88855 | .77360 89261 | .%809217 .89460| .78452 1 16 
88652 | «47006 f .88858 | .77372 89264 | 78098] .89464| 78458] 14 
9.88656 | 0.77012 | 9.88862 | 0.77378 9.89267 | 0.78104 | 9.89467 | ©.78464 I 12 
88659 | .¢7018] .88865] 77384 .89271 | .#8110] .89470] .78470] 10 
88663 | .%70245 .88869] .77390 89274] .¢8116} .89474| .78476T 8 
88666 | 77030] .88872| .77396 89277 | .¢8122] .89477| .784821 6 
9.88670 | 0.77036 | 9.88876 | 0.77403 | 9.89079 | 0.77766 | 9.89281 | @.78128 | 9.89480 | @.78488] 4 
9.88673 | 0.77043 | 9.88879 | 0.77468 | 9.89083 | 0.77792 | 9.89284 | 0.78184 ].9.89484 | 0.78494] 2 

15h 47m 15h 41m 

a / Sh 11m 122° 30 | 8h 18m 123° WY 8h 17M 124° YW | Sh 19m 124° 30’ 

O+15 | 9.88677 | 0.77049 | 9.88882 | 0.77415 9.89287 | 0.78140 | 9.89487 

2 .88680 | 47055) .88886] .77412 89291} .%81465 . 

4+16 | .88683] 77061] .88889 | .77427 89294 | 78152 

6 88687 | 77067] .88893 | .77433 .89298 | 78158 

8+17 | 9.88690 | 0.77073 | 9.58896 | 0.77439 9.89301 | @.78164 

10 88694 | .¢7079 7 .88899 | .77445 89304 | 48170 

12+18 | .88697} .v7085] .88903| 77451 89308 | #8176 

14 88701! .770827 .88906| .77457 89311 | .78182 

16+19 | 9.88704 | 0.77098 | 9.88910 | 0.77463 9.89314 | 0.78188 

18 88708 | .¢7104] .88913| .77469 89318 | .48194 

20+20 f .88711] .77110] .88916| .77475 89321 | 78200 

22 88714 | 771164 .88920| .77482 89324 | .78206 

24+21 | 9.88718 | 0.77122 | 9.88923 | 0.77488 9.89328 | 0.78212 

6 88721 | .d7128] .88927] .77494 89331 | 78218 

28422 | .88725| .77134] .88930] .77500 89334 | 8224 

$0 .88728 | .¢7140] .88933] .77506 .89338 | .¢8230 

$2423 1 9.88732 | 0.77147 | 9.88937 | 0.77512 9.89341 | 0.78236 

34 88735 | .48153]} .88940| .77518 89344 | .78242 

86+24 | .88739 | 77159] .88944| .77524 .89348 | .78248 

$8 88742 | .J7165] .88947| .%77530 89351 | 78254 

404-25 1 9.88745 | 0.977171 | 9.88950 | 0.77536 9.89354 | 0.78260 
88749 | SLIT T .88954 | .77542 .89358 | .78266 

444-26 | .88752] .77183] .88957 | .77548 89361 | 48272 
88756 | .%77189] .88961] .77554 .89364 | 48278 

48+27 19.88759 | 0.77195 | 9.88964 | 0.77560 9.89368 | 0.78284 

50 88763 | 7201] .88967 | .77567 89371 | 48290 

62+28 | .88766| .d7208] .88971) .77573 .89374 | .78296 

54 88769 | .@72149 .88974| 77579 89378 | .%78302 

56+29 | 9.88773 | 0.997220 1 9.88978 | 0.77585 9.89381 | 0.78308 | 9.89579 
88776 | 772265 .88981 | 77591 89384 | .¢8314] .89583 

60+-30 1 9.88780 | 0.79232 | 9.88984 | 0.77597 1 9.89187 | 0.77960 | 9.89387 | 0.78320 1 9.89586 | 0.78679 

154 48m 15h 46m 15h 49m 


89785 | «790411 .89979| .793951 .90171 
‘89789 | .790471 .89983| .794021 .90175 
89792 | .79053| .89986| .794071 .90178 


9.89795 | 0.79059 | 9.89989 | 0.79413 | 9.90181 


S|ESSS |» 


SsELscs 


: -90200 

89818 | .79100] .90012| .79454] .90203 

9.89821 | 0.79106 | 9.90015 | 0.79460 | 9.90206 
89824 | 79112] .90018| .79466) .90210 

89828 | f9118} .90021| .70471§ .90213 
89831 | 79124] .90024| .70477]7 .90216 

9.89834 | 0.79130 | 9.90028 | 0.79483 | 9.90219 
89837 | 79130} .90031| .78489) .90222 
89840 | 79142] .90034| 79495) .90225 
89844 | .49148} .90037| 79501) .90229 


0.78798 | 9.89847 | 0.79153 | 9.90040 | 0.79507 [ 9.90232 
: 90044 | .f9513F .90235 


SRLISSSKS 


9.89860 | 0.79177 | 9.90053 | 0.79530 | 9.90244 
89863 | .49183] .90056| 79536] .90248 
89866 | .79189] .90060/ .79542] .90251 
89870 | .79195] .90063| .79548] .90254 

9.89678 | 0.78845 | 9.89873 | 0.79201 | 9.90066 | 0.79554 | 9.90257. 

9.89681 | 0.78851 | 9.89876 | 0.79207 | 9.90069 | 6.79560 | 9.90260 


15h ggm 15h37m 15h 35m 15h $1m 


8h 23m 125° 30/ | 3h 25m 126° @/ Bh 29m 127° @/ 


89674 | .78839 


9. "90162 
: 90165 
0.79035 | 9.89976 | 0.79389 | 9.90168 | 0.79741 | 9.90358 


TABLE 34. 


Haversines. 


9.90732 | 0.80783 | 9.90916 
90735 | 80789] .90919 
90738 | 80795] .90922 
90741 | .80800} .90925 
9.90744 | 0.80806 | 9.90928 
90747 | .80812] .90931 
.90751 | 80817] .90934 
907 80823 | .90937 
9.90757 | 0.80829 | 9.90940 
90760 | .80835) .90943 
.90763 | 80840] .90946 
90766 | 80840} .90949 
9.90769 | 0.80852 | 9.90952 
90772 | 80858] .90955 
90775 | 80863] .90958 
90778 | 80869] .90962 
9.90781 | 0.80875 | 9.90965 
90784 | 80880] .90968 
90787 | 80880] .90971 
.90790 | 80892] .90974 
9.90794 | 0.80898 | 9.90977 
90797 | 80903} .90980 
90800 | .809098] .90983 
-90803 | .80915] .90986 
9.90806 | 0.80820 f 9.90989 
.90 -80926 | + .90992 
90812} .80932] .90995 
_-90815 | .80938] .90998 


15h 27m 


0.80955 | 9.91007 
-80960 | .91010 
-80966] .91013 
80972 .91016 
0.80978 | 9.91019 
80983 | .91022 
-80989 | .91025 
80995} .91028 
0.81000 | 9.91031 
-81006 | .91034 
81012} + .91037 
81017 | .91040 


0.81023 | 9.91043 


15h 95m 


0.81466 
81472 
81477 
81483 


81494 


0.81126 | 9.91098 
81131} .91101 
81137} .91104 
81143} .91107 
0.81148 | 9.91110 | 0.81489 
81154} .91113 
81160} .91116 
81165] .91119 


0.81171 | 9.91122 


81523 
81528 


81551 


81585 
81590 


e81177} 91125 
81183} .91128 
81188} .91131 
0.81194 | 9.91134 | 0.81534 
81200} = .91137 
81205} .91140 
81211) .91143 
0.81217 | 9.91146 | 0.81556 
81222) .91149 
81228} .91152 
81234] .91155 
0.81239 | 9.91158 | 0.81579 
81245} .91161 
81251 .91164 
81256 .91167) .81596 
0.81262 | 9.91170 | 0.81691 
81268 | .91178 
81273] .91176 
81279] .91179| .816! 


15h 25m 


_.91286| 81821 
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Sh som 127° 8 | 8h sem 128° @ | 3h 34m 128° se’ | 8h som 120° & | Sh sam 129° 80’ 
Log. Hav.| Nat. Hav4 Log. Hav.) Nat. Hav4 Log. Hav.| Nat. Hav] Log. Hav.) Nat. Hav.] Log. Hav.| Nat. Hav. 


9.91277 | 0.81804 


60 
.91280| 81810] 58 
56 


91283 | .81815 


91310 
9.91313 | 0.81871 
-91316 
91319 
91322 
9.91325 | 0.81894 
91328 
91331 
91334 
9.91337 | 0.81916 
91340 | 81922 
91343 
-91346 
9.91349 | 0.81938 
21352 
91355 
91358 


sh gsm 128° 9 | 3h 35m 128° 30 | 3h 37m 129° 0 


9.90824 
90827 


90864 | 81029] .91046 

90867 | .81035] .91049 

.90870} .81040§ .91052 
9.90873 | 0.81046 | 9.91055 

.90876 | 81052) .91058 

90879 | 81057] .91061 

90882 | 81063] .91064 

9.90885 | 0.81068 | 9.91067 

90888 } .81074] .91071 

90892 | .81080] .91074 

90895 | 81086] .91077 
9.90898 | 0.81092 | 9.91080 

-90901 | .81087§ .91083 .91440| .82 
.90904 | .81103] .91086 91443 | .82117 | 
.90907 | .81109§ .91089 91446 | 82123 
9.90910 | 0.81114 | 9.91092 9.91449 
907 80777 | 90913} .81120] .91095 91452 
9.90732 | 0.80783 | 9.90916 | 0.81126 | 9.91098 : 
15h 26m 5h 24m 
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s ° |Log. Hav.) Nat. Hav] Log. Hav.| Nat. Hav. Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav] Log. Hav.| Nat. Hav] s 
O 01 9.91455 | 0.82139 | 9.91631 | 0.82472 | 9.91805 | 0.82803 | 9.91976 | 0.83131 | 9.92146 | 0.83457 | 60 
2 -91458 | .82145] .91634| .82478] .9 58 
$+ 1] .91461|} .82151] .91637| .82483 56 
6 .91464 | 82156] .91640| .82489 54 
8+ 2 1 9.91467 | 0.82162 | 9.91643 | 0.82495 2 
10 91470 | .82167] .91645| .82500 
12+- 8] .91473| .82173] .91648| .82506 
14 91476 | 821787 .91651| 82511 
16-+- 4 1 9.91479 | 0.82184 | 9.91654 | 0.82517 
18 91482 | .82189] .91657| 82522 
20-+- & | .91485| .82195] .91660] .82528 
22 .91488 | .82200] .91663] .82533 
24-+- 6 1 9.91490 | 0.82206 | 9.91666 | 0.82539 
26 91493 | 82212] .91669| 82544 
28+ 77 .91496| .82217] .91672| .82550 
$0 91499 | 82223 .91674| .82555 
82+- 8 19.91502 | @.82228 | 9.91677 | 0.82561 

91505 | .82234]7 .91680| .82566 
S6-+ 9] .91508/ .82240] .91683| .82572 
88 91511 | 82245] .91686] .82577 
40+160 | 9.91514 | 0.82251 | 9.91689 | 0.82583 
2 91517 | 82256) .91692| .82588 
444-11 | .91520) 82262] .91695) 82504 

91523 | 82267] .91698| .82599 
48-+-12 | 9.91526 | @.82273 | 9.91701 | 0.82605 

91529 | 82278] .91703| .82610 
$2+13 | .91532| 82284) .91706| .82616 
54 .91534 | 8229017 .91709| .82621 
56-+-14 | 9.91537 | 0.82295 | 9.91712 | 0.82627 

9.91540 | 0.82301 | 9.91715 | 0.82632 

15h 19m 15h 17m 


8h 41m 130° OW 8h 47m 131° 30: | 8h 49m 132° & 
9.91718 9.91891 9.92061 | 0.83294 | 9.92230 | 0.83618 
91721 91894 92064 | 83300] .92233 | .83624 
91724 -91896 92067 | 83305] .92236| .83629 
91727 |_.& .91899 .92070| 83310] .92239| .83635 
9.91555 | 0.82328 | 9.91730 9.92073 | 0.83316 | 9.92241 | 0.83640 
91558 | 82334) .91732 92076 | 83321] .92244/| .83645 
91561 | 82339} .91735 92078 | .83327 1 .92247| .83651 
91564 | 82345] .91738 92081 | 83332) .92250| .83656 
9.91567 | 0.82351 | 9.91741 9.92084 | 0.83337 | 9.92253 | 0.83661 
91570 | .82356] .91744 92087 | 83343] .92255| 83667 
91573 .91747 92090 | 83348] .92258| 83672 
91575 91750 92093 | 833547 .92261| .83678 
9.91578 | 0.82373 9.92095 | 0.83359 | 9.92264 | 0.83683 
91581 | 82378 .91928 92098 | 83365 .92266| .83688 
91931 92101 | 83370] .92269/| .83694 
91934 .92104| 83375] .92272| .83699 
9.91936 9.92107 | 0.83381 | 9.92275 | 0.83704 
.91939 92109 | .83386f .92278| 83710 
91942 92112 | .83392] .92280| 83715 
91945 92115 | 83397] .92283 | 83720 
9.91776 9.91948 9.92118 | 0.83402 | 9.92286 | 0.83726 
91779 91951 92121 | .83408] .92289| 83731 
.91782 91954 92124} 83413] .92292| .83737 
.91784 91956 92126 | 83419] .92294| .83742 
9.91787 9.91959 9.92129 | 0.83424 | 9.92297 | 0.83747 
.91790 91962 92132 | 83430] .92300| 83753 
91793 91965 92130 | .83435] .92303 | 83758 
-91796 |_ of 91968 92138 | 83440] .92305| .83763 
9.91799 9.91971 9.92140 | 0.83446 | 9.92308 | 0.83769 
.91973 92143 | 83451] .92311| 83774 
0.82803 | 9.91976 | 0.83131 | 9.92146 | 0.83457 | 9.92314 | 0.83780 

154 12m 15h Jom 


8h 50™ 132° 30/ 


Log. Hav.] Nat. Hav4 Log. Hav.| Nat. Hav Log. Hav. 
9.92314 | 6.83780 | 9.92480 | 0.84160 | 9.92643 


92317 | 83785 
92319 | 83790 
.92322 | 83796 
9.92325 | 0.83801 
.92328 | 83806 
92330 | 83812 
.92333 | 83817 
9.92336 | 0.83822 


9.92358 | 0.83865 
92361 | .83871 
92364 | 83876 
.92366 | 83881 


9.92369 | 0.83887 


92372 | 83892 
92375 | 83897 
92378 | 83903 
9.92380 | 0.83908 
.92383 | 83913 
.92386 | 83919 
.92389 | 83924 


9.92391 | 0.83929 


9.92394 | 0.83935 
15h 9m 
8h 51m 132° 30 


9.92397 | 0.83940 
.92400 
92402 
92405 
9.92408 | 0.83961 
9241] 
92413 
92416 
9.92419 | @.83983 
92422 
92425 
92427 


9.92430 | 0.84004 


92433 | 84009 
92436 | 84015 
92438 | 84020 
9.92441 | 0.84025 
.92444 | 84031 
.92447 | 84036 
92449 | 84041 


9.92452 | 0.84047 


92455 | 84052 
92458 | .84057 
.92460 | 84063 

9.92463 | 0.84068 
92466 | 84073 
.92469 | .84079 


ca _ 84084 


TABLE 34. 


Haversines, 


Sh 54m 133° SO’ | Sh 56m 134° O | Sh 58m 134° 8 


8h 5em 133° 0 


92482 
92485 
.92488 
9.92491 | 0.84121 
92493 
92496 
.92499 
9.92502 | 0.84142 
.92504 
92507 
92510 


9.92512 | 0.84164 


92515 
.92518 
92521 
9.92523 | @.84185 
92526 
92529 
92532 


9.92534 | 0.84206 


92537 | 84211 
.92540 
92543 
9.92545 | 0.84227 


92548 
84238 


92551 
92554 | 84243 


9.92556 | 0.84249 


9.92559 | 0.84254 
15h 7m 


9.92562 | 0.84259 


(92592 | .84317 


9.92594 | 0.84323 


.92597 | 84328 
.92600 | 84333 
-92603 | .84339 

9.92605 | 0.84344 
92608 | 84349 
92611] 84354 
92613 | 84360 

9.92616 | 0.84365 
92619 | 84370 
92622 | .84376 


9.92676 
.92679 
.92681 
.92684 

9.92687 
92689 
92692 
92695 


9.92698 


.92700 
92703 
92706 
9.92708 
92711 
92714 
.92716 
9.92719 
9.92722 


9.92739 
.92738 
92741 


92776 
9.92778 
92781 
92784 
.92786 
9.92789 
92792 
.92794 


.92797 


0.84597 | 9.92896 


84675 
0.84681 
84686 
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Page 358] TABLE 34. 


Haversines. 


gh 8m 137° | 94 12m 188° | 9h 16m 138° 


og. Hav. .| Nat. Hav] Log. Hav.| Nat. Hav 
9.93123 | 0.85355 ‘ 0.86568 | 9.94030 | 0.87157 1 9. 94318 
.93128 | .85366 93741 | 86578] .94035| 87167) .94322| 89745 


.93134 | 85376 .93746 | 86588] .94040| 87177] .94327| 87755 
.93139 | 85386 93751 | .86597 .94045| .87186] .94332| .87764 
9.93144 | 0.85396 9.93755 | 0.86607 | 9.94050 | 0.87196 | 9.94336 | 0.87774 
93149 | .85407 .93760 | 86617] .94055| 87206) .94341| .87783 
93154 | .85417 .93765 | 86627] .94059| 87216] .94346/] .87783 


.93160 | .85427 .93770 | .86637 | .94064| 87225] .94351| .87802 


LESSSLESFSo 


9.93165 | 0.85438 9.93775 | 0.86647 | 9.94069 | 0.87235 | 9.94355 | 0.87812 
.93170 | .85448 .93780 | .86657] .94074|] .87245] .94360| .87821 
93175 | 85458 .93785 | .866671 .94079| .87254] .94365) .87831] 20 


.93181 | .85468 .93790 | 86677 > .94084| .87264] .94369| .87840} 16 
9.93186 | 0.85479 9.93795 | 0.86686 | 9.94088 | 0.87274 | 9.94374 | 0.878501 12 
.93191 | .85489 .93800 | .86696] .94093 | 87283] .94379 


9.93196 | 0.85499 9.93805 0.87293 | 9.94383 


SUS 


SRUSRESSRS 


137° | 9% 14m 138° ra 
9.93279 | 0.85663 | 9.93585 | 0.86269 | 9.93884 | 0.86864 | 9.94175 | 0.87448 | 9.94458 | 0.88020 | 60 
.93284 | .85673] .93590| .86279] .93889| .86874] .94180| .87457] .94463| .88030] 56 
.93289 | 85683] .93595| .86289] .93894| .868e4] .94184| 87467] .94468| .ssosel 52 
.93295 | .85693] .93600| .86299] .93899| .86893] .94189| .87477] .94472| .sse4el 43 
9.93300 | 0.85703 | 9.93605 | 0.86309 | 9.93904 | 0.86903 | 9.94194 | 0.87486 | 9.94477 | 0.88e58 | 44 
.93305 | .85713] .93611| .86319] .93908| 86913] .94199] .87496] .94482| .8se6s] 40 
93310 | 85724] .93616| .86329] .93913| .86923] .94204| .87505] .94486| .88077] 86 
93315 | 85734} .93621| .86339] .93918| .86933] .94208| .87515] .94491| .880se] se 
9.93320 | 0.85744 | 9.93626 | 0.86349 | 9.93923 | 0.86942 | 9.94213 | 0.87525 | 9.94496 | 0.88096 | 28 
.93326 | 85754} .93631| .86359] .93928| .86952] .94218| .87534] .94500| .88105] 24 
93331 | .85764] .93636| .86309] .93933| .86963] .94223| .87544] .94505| .88115] 20 
93336 | 85774} .93641| .86379} .93938| .86972] .94227| .87554] .94509/ .881241 76 
9.93341 | 0.85785 | 9.93646 | 0.86389 } 9.93943 | 0.86982 | 9.94232 | 0.87563 | 9.94514 | 0.88183 | 12 
.93346 | .85795} .93651| .86399] .93948| 86991] .94237| .87573] .94519| .ssi43] 8 
9.93351 | 0.85805 | 9.93656 | 0.86409 | 9.93952 | 0.87001 | 9.94242 | 0.87582 | 9.94523 |@.88152] 4 
14h 57m 14h 53m 14h 49m 14h 45m 14h $im 
s * | 9hsm 135° | ghym 136° [ gh 11m = 137° | 9h 15m 138° | ghigm 139° | 5 
0 45 | 9.93356 | 0.858165 | 9.93661 | 0.86419 | 9.93957 | 0.87011 
4 46] .93362| .85825] .93666| .86429} .93962| .87021 
8 47] .93367| .85835] .93671| .86438] .93967| .87030 
12 48] .93372| .85846] .93676| .86448] .93972] .87040 
16 49 | 9.93377 | 0.83856 | 9.93681 | 0.86458 | 9.93977 | 0.87050 
20 50} .93382| .85866] .93686| .86468] .93982| .87060 
24 &1| .93387| .85876] .93691| .86478] .93987| .87070 
28 5&2] .93392| .85886] .93696| .86488} .93991| .87079 
32 83 | 9.93397 | 0.85896 | 9.93701 | 0.86498 | 9.93996 | 0.87089 
$6 54] .93403] .85906] .93706| .86508] .94001| .87099 
40 85} .93408| .85916] .93711| .86518] .94006| .87109 
44 86] .93413| .85926] .93716] .86528] .94011| .87118 
48 8% |9.93418 | 0.85937 | 9.93721 | 0.86538 | 9.94016 | 0.87128 
52 58} .93423| .85947] .93726| .86548] .94021| .87138 
56 89} .93428| .85957] .93731| .86558] .94026| .87148] . 
60 60 | 9.93433 | 0.85967 | 9.93736 | 0.86568 | 9.94030 | 0.87157 | 9.94318 | 0.87735 | 9.94597 | 0.893031 0 
14h 56m 14h 59m 14h 45m 


Te Cd Oo ten oS Oo ot Oe on te OS 88 foe | 


94533 | 88171} 56 


141° | 9h 28m 
.| Nat. HavJ Log. Hav.| Nat. HavJ Log. Hav. 
0.88857 | 9.95134 | 0.89401 1 9.95391 
oS8866} .95138 | .89409] .95396 
88876 f .95143| .89418] .95400 
88885 § .95147 | 894277 .95404 
0.88894 1 9.95151 | 0.89436 | 9.95408 
-88903§ .95156/| 894459 .95412 
889127 .95160| 894549 .95417 
88921] .95164| 89463 .95421 
0.88930 | 9.95169 | 0.89472 | 9.95425 
889407 .95173| 89481] .95429 
88949 | .95177| 894907 .95433 
e88958 | .95182| .89490] .95438 
0.88967 | 9.95186 | 0.89508 | 9.95442 
889767 .95190| 89517] .95446 
0.88985 | 9.95195 | 0.89526 | 9.95450 
85m 14h $1m 14h 27m 
gheim 140° [9he25m 141° | gh29m 142° | 9h 33m 
9.94666 | 0.88442 | 9.94936 | 0.88994 1 9.95199 | 0.89534 I 9.95454 
.94670 | 88451] .94941| 89003] .95203| 89543] .95459 
.94675 | 884614 .94945; 89012] .95208| 89552] .95463 
.94680 | 884707 .94950| 89622] .95212| 89561] .95467 
9.94684 | 0.88479 | 9.94954 | 0.89031 | 9.95216 | 0.89570 I 9.95471 
.94689 | 884897 .94958| .89040] .95221| .895797 .95475 
.94693 | 884987 .94963 | .89049] .95225| 89588] .95480 
.94698 | 88507] .94967| .89058) .95229| .89597] .95484 
9.94702 | 0.88516 | 9.94972 | 0.89067 | 0.95234 | 0.89606 F 9.95488 
.94707 | .88526— .94976| 89076] .95238] 89014] .95492 
94711 | 885357 .94981| .89085] .95242| 89623] .95496 
94716 | .88544]7 .94985| .89084]7 .95246| .89632] .95501 
9.94721 | 0.88553 1 9.94989 | 0.89103 1 9.95251 | @.89641 | 9.95505 
.94725 | 88563] .94994;] 89112] .95255| .89650) .95509 
9.94730 | 0.88572 | 9.94998 | 0.89121 1 9.95259 | 0.89659 | 9.95513 
14h 8gm 14h 84m 14h 30m 

Qh 22m 140° [9h e6m 141° POA SOM 142° 
9.94734 | 0.88581 | 9.95003 | 0.89130 | 9.95264 | 0.89668 
.94739 | .88590{% .95007 | .89139]7 .95268| .89677 
94743 | 886007 .95011 | .89149]7 .95272)| .89685 
.94748 | 88600) .95016| .89158] .95276| .89604 
9.94752 | 0.88618 | 9.95020 | 0.89167 | 9.95281 | 0.89763 
-94757 | 886271 .95025| 89176) .95285| .89712 
94761 | 886377 .95029| .89185§ .95289| .89721 


140° 


gh 20m 


Pt Seow cnmemwme ~ 


BBNRERNSSRVEBSEE - 


9.94788 | @.88692 | 9.95055 | 0.89239 | 9.95315 | 0.89774 
94793 | .887011 .95060| .89248] .95319| .89788 
9.94797 | 0.88710 | 9.95064 | 0.89257 | 9.95323 | 0.89791 


14h 29m 


SGSRSSRISe Ase - 
ES 
8 
' 
: 
E 
z 


SSEISATSSSSSENSE - 


Page 360] 
gh 4om 145° 
8 : og. Hav.| Nat. Hav, 
O @19.95884 | 0.90958 
4 1] .95888] 80966 
8 24 .95892| .90074 
12 31 .95896| .90983 
16 4 19.95900 | 0.90001 
20 & | .95904| .90999 
24 6] .95908| .91008 
28 4] .95912| .91016 
$2 8 19.95916 | 0.91024 
$6 9] .95920| .91033 
40 10] .95924| .91041 
44 i] .95928| .91649 
48 12 19.95932 | @.91057 
52 13] .95936| 91066 
56 14 19.95939 | 0.91074 
14h 19m 
s Qh 41m 145° 
O 15 1 9.95943 | @.91082 
4 16] .95947/; .91091 
8 17] .95951]| .91699 
12 18] .95955] .91107 
16 19 | 9.95959 | 0.91115 
20 20] .95963; 91124 
24 211 .95967] .91132 
28 221 .95971!] .91140 
S2 23 1 9.95975 | @.91149 
S86 24] .95979| .01157 
40 25] .95983/] .91166 
44 26} .95987/| .91173 
48 27 1 9.95991 | 0.91182 
52 28] .95995| .91190 
56 29 1 9.95999 | 0.91198 
14h 18m 
s ? gh 49m 145° 
O 30 | 9.96002 | 0.91206 
4 31} .96006| .91215 
& 32] .96010| .91223 
12 338] .96014| .91231 
16 34 1 9.96018 | 0.91239 
20 354 .96022| .91247 
24 864 .96026| .91256 
28 377 .96030; .91264 
$2 38 19.96034 | 0.91272 
$6 39 4 .96038| .91280 
40 401 .96042| .91289 
44 41] .96046) .81297 
48 42 19.96049 | 0.91305 
52 434% .96053| .91313 
56 44 19.96057 | 0.91321 
14h 17m 
8 6 gh 43m 145° 
O 45 1 9.96061 | 0.91329 
4 4617 .96065| .91338 
8 476 .96069| .91346 
12 48] .96073| .91354 
16 49 19.96077 | 0.91362 
20 50] .96081}; .91370 
24 614 .96084/| .91379 
28 52] .96088| .81387 
82 6&3 19.96092 | 0.91395 
S6 54] .96096| .91403 
40 &5 1] .96100| 91411 
44 66] .96104| .91419 
48 671 9.96108 | 0.91427 
52 68] .96112) .91436 
66 6917 .96115)| .91444 
60 G8 9.96119 | 0.91452 
14h 16m 


TABLE 34. 


Haversines. 
9h 44m 1469 | 9h4gm 147° | Oh5em 148° | Oh S5Em 149° 
og. Hav.| Nat. Havg Log. Hav.) Nat. Havg Log. Hav.) Nat. Hav Nat. Hav 8 
9.96119 | 0.91452 | 9.96347 | 0.91934 60 
.96123| 91460) .96351| .91941 56 
.96127| 91468] .96355] .91949 52 
.96131 | 91476] .96359| .91957 48 
9.96135 | 0.91484 | 9.96362 | 0.91965 44 
.96139 | .91493] .96366| .91973 40 
.96142 | .91501] .96370| .91981 86 
.96146 | .91508] .96374| .91989 32 
9.96150 | 0.91517 | 9.96377 | 0.91997 28 
.96154 24 
96158 20 
.96162 16 
9.96165 12 
.96169 8 
9.96173 4 
8 
60 
56 
52 
48 
44 
40 
56 
S2 
28 
24 
; 20 
.96444 | .92138 16 
9.96448 | 0.92146 . 12 
96451 | 92154] .96669| .92617] .96879| 83067] 38 
9.96455 | 0.92162 | 9.96673 | 0.92624 | 9.96883 | 0.93074] 4 
14h 6m 14h om 
gh 50m 147° | 9h 54m 148° | Gh5sm 149° | , 
9.96234 | 0.91694 | 9.96459 | 0.92170 | 9.96676 | 0.92632 | 9.968386 | 6.93081 | 60 
.96238 | 91702] .96462| 92177] .96680| .92640] .96890| .93089] 56 
96242 | 81710] .96466 | .92185] .96683| .92647] .96894| .93096] 52 
.96246 | .81718] .96470| .92193] .96687| .82655] .96897| .83164) 43 
9.96249 | 0.91726 | 9.96473 | 0.92201 | 9.96690 | ©.92662 | 9.96900 | 0.93111 | 44 
.96253 | 81734] .96477| .82200] .96694;| .92670) .96904; .83118] 40 
96257 | 81742] .96481| .82216] .96697| .82678] .96907| .83126] 36 
96261 | 91760] .96484| .82224] .96701| .82685] .96910| .83133] 32 
9.96265 | 0.91758 | 9.96488 | 0.92232 | 9.96705 | 0.92693 | 9.96914 | 0.83140] 238 
.96268 | 91766] .96492 | .82240] .96708; .82700) .96917)| .83148] 24 
96272 | 17749 .96495| 92248] .96712| .82708] .96921| .83155) 20 
.96276 | 91782] .96499 | 92255} .96715| 82715] .96924| 88162] 16 
9.96280 | 0.91790 | 9.96503 | 0.92263 | 9.96719 | 0.92723 | 9.96928 | 0.93170] 12 
.96283 | 91798] .96506 | 82271) .96722| 82731] .96931| 83177] 8 
9.96287 | 0.91806 | 9.96510 | 0.92279 | 9.96726 | 0.92738 | 9.96934 | @.83184] 4 
14h 13m 14h 9m 14h 5m 
9h 47m = =146° | Gh 5im = 147° | 9h 55m = =148° | oh 59m 149° | , 
9.96291 | @.91814 ] 9.96514 | 0.92286 | 9.96729 | 0.92746 | 9.96938 | 0.93192 | 60 
.96295 | .91822% .96517| 92294] .96733| .92753] .96941 | .83199] 56 
96299 | .91830] .96521 | 923021 .96736 | 9276 F .96945| 93206) 52 
.96302 | 91838] .96525| .82310] .96740| .82768} .96948| 83214] 48 
9.96306 | 0.91846 | 9.96528 | 0.92317 | 9.96743 | ©.92776 | 9.96951 | 0.93221 1 44 
96310 | 91854] .96532| 92325] .96747| 82783] .96955| 83228] 40 
.96314 | 91862] .96536 | 92333] .96750| 82791] .96958) 88236] 36 
.96317 | 81870} .96539 | .92341] .96754| .82798] .96962| .832431 $3 
9.96321 | 0.91878 | 9.96543 | 0.92348 | 9.96758 | 0.92806 | 9.96965 | 6.83250] 23 
96325 | 91886] .96547| .982356] .96761] .82813] .96968| .83258] 24 
96329 | 91894] .96550| .92364] .96765 | .82821} .96972| .83265) 20 
.96332 | 81902] .96554 | 92372] .96768| .82828} .96975| 832721 16 
9.96336 | 0.91910 | 9.96557 | 0.92379 | 9.96772 | 0.92836 | 9.96979 | 0.83279) 72 
96340 | 91918} .96561| .92387] .96775| .928434 .96982| 93287) 8 
96344 | 91926] .96565| .92394] .96779| .82851} .96985 4 
9.96347 | 0.91934 | 9.96568 | 0.92402 | 9.96782 | 0.92858 | 9.96989 0 
14h 12m 14h §m 14h 4m 14h Om 
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Haversines. 


10h 19m =6153° 104 16m 154° 

og. Hav.| Nat. Havd Log. Hav.| Nat. Havg s 
9.97566 | 0.94550 1 9.97745 | 0.94940 | 60 
.97569 | .95557 | .97748 | .94946] 56 
.97572 | 04564] .97751| .949521 52 
.97575 | 04570] .97754/| .849591 48 
9.97578 | 0.94577 | 9.97756 | 0.94965 | 44 
.97581 | .94583§ .97759 | 949721 40 
.97584 | .84590] .97762| .84978 1 S86 
.97587 | .945906% .97765| .94984] S2 
94202 1 9.97591 | 0.94663 1 9.97768 | 0.94901 | 28 
.97594| 84610] .97771 | .94997 | 24 
.97597 | 84616] .97774| .95003] 20 
.97600 | .94623] .97777 | .950101 16 
9.97603 | 0.94629 1 9.97780 | 0.95016 | 72 
.97606 | .946361 .97783 | .95022] $8 
9.97609 | 0.94642 1 9.97785 | 0.950291 4 


18h 47m 


Det S Omer mewme 


15 
16 
17 
18 
19 
20 
21 
22 
23 
7A 
25 
6 
27 
28 
29 


PoSmSoSSISKESSLS . 


10h gm 150° | 10h 7m 151° | 10h 11™ 152° | 10415m 153° | 10h 19m 154° 
9.97139 | 0.93625 | 9.97333 | 0.94045 | 9.97521 | @.84451 | 9.97701 | 0.94844 | 9.97874 | 0.95223 
94850 


8 
60 

97142 | 93632] .97337 | .94051) .97524| .044589 .97704 .97877 | .852291 56 
6. 


97185 | 88724) .97378 | 94141] .97563 | .94544] .97742 | .94933] .97914| .953001 +4 
9.97188 | 0.93731 | 9.97381 | 0.94147 | 9.97566 | 0.94550 | 9.97745 | @.94940 1 9.97916 | @.95315 1 oO 


18h 56m 18h 52m 18h 48m 18h 44m 18h 40m 


é 

rc 

47] .97146| .93639] .97340| .94058) .97527| .84464) .97707| 94857] .97880| .85235] 52 

48 | .97149| .93646] .97343 | .94065] 97530; .94471] .97710| .94863] .97883] .95241] 48 
16 49 [9.97152 | ©.83653 | 9.97346 | @.94072 | 9.97533 | ©.94477 1 9.97713 | 0.94869 | 9.97885 | 0.95248 | 44 
20 5OF .97156| .93660] .97349 | .94079] .97536| .94484] .97716| .84876] .97888| .952541 40 
24 6&1] .97159) .93667] .97352 | .94686] .97539| .94491] .97718| .94882] .97891| .952601 s6 
28 S2] .97162| 83674) .97356 | .84093] .97542| .94497) .97721| .94889] .97894| .95266] se 
82 5&3 | 9.97165 | 0.93682 | 9.97359 | 0.84099 | 9.97545 | 0.94504 | 9.97724 | 0.94895 | 9.97897 | 0.95272 | 28 
86 54] .97169| .93689] .97362| .94106) .97548| .84511] 97727] 94901] .97899| 95278] 24 
40 5&5) .97172| .93696) 97365) 94213] .97551 | 84517] .97730) 94908] .97902] .95285] 20 
44 66] .97175| .83703] .97368| 94120] .97554| 945249 .97733| .94914] .97905| .952919 76 
48 57 19.97179 | 0.93710 | 9.97371 | 0.94127 | 9.97557 | @.94531 | 9.97736 | 0.94921 | 9.97908 | 0.95297 | 12 
52 o 97182 | 93717] .97375| 9413945 .97560| .94537] .97739| 84927) .97911| 95363] 8 

66 
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Haversines. 


10h 20m 155° | 10h 24m 156° | 10h 28m 157° - 
8 : og. Hav.| Nat. Hav g. Hav.) Nat. Havd Log. Hav. Nat. Hav 
O 0179.97916 | 0.95315 | 9.98081 | 0.95677 | 9.98239 | 0.96025 60 
4 1f{ .97919| .963221 .98084| 95683] .98241/ .96031 56 
8 2] .97922| .953281 .98086| 956891 .98244/] .96037 52 
12 81 .97925) .953341 .98089| .95695) .98246| .96042 48 
16 419.97927 | 0.95340 | 9.98092 | 0.95701 1 9.98249 | 0.96048 44 
20 =&1] .97930| .95346) .98094; .957071 .98251] .96054 40 
24 61 .97933| 953527 .98097) .85713] .98254| .96059 86 
28 %1 .97936| .95358] .98100| .9571917 .98256| .96065 $2 
$2 8 19.97939 | 0.95364 | 9.98102 | 0.95724 | 9.98259 | 0.90071 28 
86 9f .97941| 953711 .98105| .95730) .98262| .96076 24 
40 10] .97944) .95377] .98108| .95736)— .98264| .96082 20 
44 Lif .97947| .96383] .98110| .957424 .98267| .96088 16 
48 12 1 9.97950 | 0.95389 | 9.98113 | 0.95748 | 9.98269 | 0.96003 12 
52 18] .97953| .96395] .98116| .95754] .98272) .96003 8 
56 14 19.97955 | 0.95401 | 9.98118 | 0.95760 § 9.98274 | 0.96104 4 


1Sh §5™ 


8 o 

0 
4 16 
8 17 
12 18 
16 19 
20 2 
24 21 
28 2 
82 @ 
56 7% 
40 2% 
44 2% 
48 21 
52 28 
20 


8 é 

0 30 

4 $1 96839 

& 32 96844 
12 38 96849 
16 & 0.96854 
20 3 96859 
24 36 96864 
2e 37 96869 
82 38 0.96874 
10 40 ‘oases 
44 41 -96889 
48 42 0.96894 
62 438 96899 
56 44 


104 23m 155° 
9.98040 | 0.95588 


98043 | .95594 
.98046 96288 
.98049 96204 
9.98051 0.96299 
.98054 90305 
.98057 96310 
.98059 96315 
9.98062 0.96321 
.98065 96328 
.98067 96332 
.98070 96337 


9.98073 
.98076 
.98078 

9.98081 
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TABLE 34. [Page 363 
Haversines. 


10h 4om 160° | 10h 44m 461° | 10h43" 162° 


og. Hav.| Nat. Hav Log. Hav.| Nat. Hav 


9.98670 | 0.96985 } 9. 98801 0.97276 


10h 52m vias ; 10% 560 164° 


98699 970491 .98828| .97337 


SSERSSLSPSSR owe # 
ROSES omazacrmeswmel .. 
Ea 
& 
B 
: 
QO 


18h 19m 1gh 15m 
8 10h 41™ 160° | 104 45m 161° 
0 9.98703 | 0.97059 | 9.98832 | 0.97347 
4 16] .98706; .97064) .98834| .97351 
8 -98708 | 97069) .98836| .97356 
12 18] .98710| .97074] .98838) .97361 
16 19 | 9.98712 | 0.97078 | 9.98840 | 0.97365 


a2 & Gr 


20 20] .98714| .97083] .98842) .97370 
24 21] .98717| 97088] .98845| .97374 
28 224 .98719| .97003] .98847| .97379 
$2 23 | 9.98721 | 0.97098 | 9.98849 | 0.97384 
86 7A] .98723; 97103] .98851| .97388 
40 25] .98725| 97108] .98853| .97393 
44 26] .98728) 97113] .98855| .97388 
48 27 | 9.98730 | 0.97117 | 9.98857 | 0.97402 
52 28] .98732| 97122] .98859| .97407 
56 29 | 9.98734 | 0.97127 | 9.9886) | 0.97412 
13h 18m 18h 147 
s_ ’ | 10h 42m 160° | 10% 46m 161° | 104 50m 162° | 10h 54m 163° | 10h 5am 164° | 5 
O 30 f 9.98736 | 0.97132 | 9.98863 | @.97416 | 9.98983 | 0.97686 | 9.99096 | 0.97941 | 9.99203 | 0.98182 I 60 
4 81] .98738| 97137] .98865| 97421] .98985| .97690) .99098| 979457 .99205| .98185] 56 
& 32] .98741} .97142] .98867| .97425] .98987| 97695] .99100/ .97049] .99206/ .88189] 52 
12 33] .98743| 97147) .98869| .97430] .98989| 97690) .99102| .97953— 99208} .88193] 43 
16 34 | 9.98745 | 0.97161 § 9.98871 | 0.97435 | 9.98991 | 0.97703 | 9.99194 | 0.97957 1 9.99210 | 6.88197 | 44 
20 35] .98747; .97156} .98873 | 97439 .98993] .87708] .99106| 97962) .99212| .88201] 40 
24 30) .98749; .97161] .98875| 97444] .98995| 977127 .99107| .97966) .99213| 98205) 36 
28 S37] .98751) .97166] .98877| .97448] 98997} 97716] .99109 | .87970§ .99215| 88209] SZ 
$2 38 | 9.98754 | @.97171 | 9.98880 | 0.97453 | 9.98999 | 6.97721 | 9.99111 | 0.97974 | 9.99217 | 0.98212] 28 
$6 38] .98756| 97176) .98882| 97458] .99001) 97725) .99113| .97978] .99218| .98216] 24 
40 40) .98758| 97180] .98884| .97462§ .99003| .97729) .99115| 979829 .99220| .98220] 20 
44 41] .98760| .97185] .98886|} 97467] .99004| .97734]) .99116| .97986] .99222| 882241 16 
48 42% | 9.98762 | 0.97190 | 9.98888 | 0.97471 | 9.99006 | 0.97738 | 9.99118 | 0.97990 I 9.99223 | 0.98228 | 12 
52 43] .98764| 97195] .98890; .97476§ .99008| .97742] .99120| .97984]) .99225| 98232) & 
56 44 | 9.98766 | 0.97200 | 9.98892 | 0.97480 | 9.99010 | 0.97747 | 9.99122 | 0.97988 | 9.99227 | 0.98236] 4 


13h 17m 13h 9m — 13h 5m 1gh 1m 

10h 51m 162° | 10h 55m 163° | 10h 59m 164° [ s | 
9.99012 | 0.97751 | 9.99124 | 0.98002 | 9.99229 | 6.98239 | 60 
.99014| .87755] .99126| .$8007] .99230| .98243] 56 
.99016| .97760} .99127| .98011] .99232| .98247] 52 
.99018| .97764] .99129| .96015] .99234} .98251] 48 
9.99020 | 0.97768 | 9.99131 | 0.98019 | 9.99235 | 0.98255 | 44 
. 40 


.99033 | 97788} .99143| .98047] .99247| .9828LI 716 
9.99035 | 0.97802 | 9.99145 | 0.98051 | 9.99249 | 0.98285 | 12 
.99037 | .97807] .99147| 98055] .99250) 98289) 38 
99039 | 97811} .99149| .86059]) .99252) 98293] 4 


45 
46 
47 
48 
49 
50 
51 
52 
53 
54. 
55 
56 
57 
58 
59 
@ 
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,[ 11h0m 165° | 7144 = 166° 11k 16m 160° lar 
8 Log. Hav.! Nat. Havd Log. Hav.; Nat. Hav Og. Nat. Hav 
0 01 9.99254 | 0.98296 | 9.99350 | 0.98515 9.99599 | 0.99081 
4 1] .99255| .98300]) .99352| .98518 89064 
8 2] .99257| .98304] .99353| .98522 99602 | .99087 
12 3] .99259| .98308] .99355| .98525 99603 | 99000 
16 4 19.99260 | 0.98311 | 9.99356 | 0.98529 9.99604 | 0.99092 
20 6&] .99262| .98315] .99358| .98532 99605 | .99095 
24 6] .99264| .98319] .99359| .98536 99606 | .99098 
28 2] .99265| .98323] .99361| .98539 99608 | .99101 
$2 8 |. 9.99267 | @.98326 | 9.99362 | 0.98543 9.99609 | @.99103 
S86 9] .99269| .98330] .99364| .98546 .99610} .99106 
40 10] .99270| .98334] .99366| .98550 99611] .90199 
44 11] 99272] .98337] .99367| .98553 99612 | .99112 
48 12 1 9.99274 | 0.98341 | 9.99369 | 0.98557 9.99614 | 0.99114 
52 13] .99275| .98345] .99370| .98560 99615 | .90117 
56 14 9.99277 | 0.98349 | 9.99372 | 0.98564 0.98949 | 9.99616 | 0.99128 
12h 59m 12h 55m 12h 43m 
s ' | 1141m 165° | 1745m 166° | 1749m =167° LETS 168° BAe ae Oe 
0 15 9.99278 | 0.98352 | 9.99373 | 0.98567 | 9.99461 | ©.98767 | 9.99543 | 0.98952 | 9.99617 
4 16} .99280| .98356] .99375| .98571] .99463| .98770] .99544| .98955] .99618 *50125 56 
8 17] .99282| .98300] .99376| .98574] .99464| .98774] .99545| .98958} .99620| .99128] 52 
12 18] .99283| .98363] .99378| .98577] .99465] .98777] .99546| .88961] .99621| .90131] 48 
16 19 | 9.99285 | 0.98367 | 9.99379 | ©.98581 | 9.99467 | 0.88786 | 9.99548 | 0.98964 | 9.99622 | 0.99133} 4 
20 20] .99287| .98371] .99381| .98584] .99468/ .88783] .99549| .88967] .99623| .90130] 40 
24 214 .99288| .98374] .99382} .88588] .99470| .88786] .99550| .98970] .99624| .99139] 86 
28 227 .99290| .98378) .99384| .98591] .99471] .98789] .99552| .98973] .99626| .9B14i] sz 
$2 23] 9.99291 | 0.98382 | 9.99385 | @.98595 | 9.99472 | 0.98793 | 9.99553 | 0.98976 | 9.99627 | 0.99144} 23 
S86 2] .99293| .98385] .99387| .98588] .99474| .98796] .99554| .98979] .99628| 99147] 24 
40 25} .99295] .98389] .99388| .98601] .99475| .98799] .99555| .88982] .99629| .90149] 20 
44 26} .99296! .98393] .99390| .98605] .99477| .88802] .99557| .98985] .99630| .98152] 16 
48 21 19.99298 | 0.98396 | 9.99391 | @.98608 | 9.99478 | 0.98805 | 9.99558 | 0.988987 | 9.99631 | 0.99155 | 12 
52 28] .99300] .88400] .99393| .88611] .99479| .98809] .99559| .98990] .99633/ .99157] 3 
56 29 9.99301 | 0.98404 | 9.99394 | 0.98615 | 9.99481 | 0.98812 | 9.99561 | 0.98993 | 9.99634 |@.99160] 4 
12h 53m 12h 54m 12h 50m 12h 46m 12h 49m 
eee 11hem 165° | 17h6m 166° | 17410m 167° | 114 14m 168° 3 
30 [9.99303 | 0.98407 | 9.99396 | 0.98619 | 9.99482 | 0.98815 | 9.99562 | 0.98996 | 9.99635 | 6.99163 | 60 
31] .99304| .98411] .99397| 98622] .99484/ .98818] .99563| .88999] .99636| .99105] 56 
32 | .99306| .98415] .99399| 98625] .99485| .98821] .99564| .99062} .99637| .99168] 52 
33] .99308| .98418] .99400| .98629] .99486| .98824] .99566| .99005] .99638| .90171] 43 
34 19.99309 | 0.98422 | 9.99402 | @.98632 | 9.99488 | 0.98827 | 9.99567 | 0.99008 | 9.99639 | 0.99173 | 44 
35] .99311| .98426] .99403| .98635] .99489/ .98830] .99568| .99011} .99641| .99176] 40 
36 | .99312| .98429] 99405] .98639] .99490| .98834] .99569| . .99642 
37] .99314| .98433] .99406| .98642] .99492| .98837] .99571 
38 1 9.99316 | 0.98436 | 9.99408 | 0.98646 | 9.99493 | 0.98840 } 9.99572 
39 | .99317| .98440] .99409| .98649] .99495| .98843} .99573 
40} .99319} .98444] .99411| .98652] .99496| .98846] .99575 
41] 99320} .98447] .99412] .98656] .99497| .98849] .99576 
42 1 9.99322 | 0.98451 | 9.99414 | @.98659 | 9.99499 | 0.98852 | 9.99577 
43 | .99324| 98454] .99415| .98662] .99500| .98855] .99578 
44 19.99325 | 0.98458 | 9.99417 | @.98666 | 9.99501 | 0.98858 | 9.99580 
12h 57m 12h 53m 12h 49m 


11h 11m = 187° 


11h 20m 


Pe RS emumemewme . 


170° 


.| Nat. Hav 


-99268 
6.99270 
99273 
0.99275 


12h sgm 


= 


11h 21m 


VENLHSRRSVRRSRIAR 


.99715 


RESESSSISRESSES ~- 


170° 
0.99278 


0.99288 
99290 
99293 
99295 


§41524°—_43——49 


TABLE 3. 
11he@4m = 171° 
og. Hav.| Nat. Hav 
9.99732 | 0.99384 
.99733 | .80387 
.99734 | 988389 
.99735 | 98391 
9.99736 | 0.98393 
.99737 | .99396 
.997388 | .98386 
.99739 | .98400 
9.99740 | 0.98462 
.99741 | 98405 
.99742 | .90407 
.99743 | .99400 
9.99744 | 0.90411 
.99745 | .90414 
9.99746 | 0.90416 
12h g5m 12h gim 
11hg25m 171° |7117k 29m = =192° 
9.99747 | 0.99418 | 9.99801 | 0.99543 
.99748 | .984207 .99802| .98645 
.99748 | .904227 .99803 | .96547 
.99749 | .99425] .99804| .98549 
9.99750 | 0.98427 | 9.99805 | 0.99551 
-99751 | .984201 .99805| .989553 
.99752 | 984311 .99806| .98555 
.99753 | 99433 .99807 | .98557 
9.99754 | 0.98436 | 9.99808 | 0.90559 
.99755 | .984381 .99809| .99561 
.99756 | .884407 .99810| .980563 
.99757 | .994427 .99811| .90565 
9.99758 | 0.99444 1 9.99811 | 0.90567 
.99759 | 884401 .99812| .90568 
9.99760 | 0.99449 | 9.99813 | 0.99570 
12h $4m 12h som 


11h gsm 


(99859 
9.99859 


12h 26m 
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12h gsm 
11hs7m 174° 


"99899 
9.99899 


11h 44m 179° 


Nat. He 


114 56™ 


3 


bah uh pe 
wea ~ 


Ce 
7) 
VENIRREBVRISSE 


99939 | .99860 
9.99940 | 0.99861 
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& 
ESSESSSRSRRSSRS| - 
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TABLE 385. 
Longitude Factors. 


¥ is the change in ,ongitude due to a change of 1’ in latitude. 


Latitude. 
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Corr. to Long.= Error in Lat.xF. 


TABLE 36. 
Longitude Factors. 
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¥ is the change in longitude due to a change of 1’ fn latitude. 


Latitude. 
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F is the change in longitude due to a change of 1’ in latitude. 
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Latitude Factors. 
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TABLE 36. 
Latitude Factors. 


f is the change in latitude due to a change of 1’ in longitude. 
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TABLE 36. 
Latitude Factots. 
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£ is the change in Iatitude due to a change of 1’ In longitude. 
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TABLE 37. 
Noon Interval Factor. 


- 99834 
. 99723 
. 99613 
. 99503 
_: 99393 


, 98956 
. 98847 


8 


0. 99911)/0. 99900 


a cn ee a ee ee fu 


- 98738 


a a ee ee ce eer ras ee 


- 98039) - - 98028} . - 98018 


Pseibtnabtc nt aiid es ena ec mere ce casa cams ani as cme ere | eee Pe 


PES ride aay Peierls Pilate aaa eat ta [Indies a AMR eae eatin RP ciel daairas| NOE LEE nal ei Ethel Penta rres 


Sg a De eee 


ac a | cee 


94737 - 94827 - 94817 


~, 94637| . 94627 
. 94538] . 94528 
- 94438) . 94429 
- 94339] . 94329 
. 94241) . 94231 


. 94518 
. 94419 
- 94320 
. 94221 


. 94617]. 


. 95188 


- 95087 
- 94987 
. 94887 
. 94787 
. 94687 

- 94587 
- 94488 
- 94389 
. 94290 
. 94191 


ee eee | Gees | ee ee | Se | ee ee | ce | es | eee | eee ee 


- 94142) . 94133} . 94123 
- 94044) . 94034) . 94024 
, 93946| . 93936] . 93926 
. 93848] . 93838) . 93828 
. 93750] . 93740} . 93730 


- 94093 
- 93995 
- 93897 
. 92799 
. 93701 


99823| .99812| . 99801 
. 99712] .99701| . 99690 
. 99602| . 99591! . 99580 
. 99492] .99481| . 99470 
. 99382|. 99371] . 99360] . 
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. 99054] . 99043] . 99032 
. 98945| . 98934! . 98923 
98836]. 98825] _. 98814 
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. 98620] .98609| . 98598 
98511] .98501| . 98490 
. 98404 . 98393] . 98322 
.98296| _. 98285]. 98275 
. 98189| . 98178| . 98168 
. 98082] .98071| . 98061 
. 97975] . 97964] . 97954 
. 97869] . 97858] . 97847 
.97762|_. 97752|_. 97741 
.97657| . 97646| 97635 
.97550| .97540| . 97530 
.97445| .97434| . 97424 
. 97339]. 97329| . 97318 
.97234|_. 97224! . 97213 
. 97130| _. 97119] . 97108 
.97025| . 97014! . 97004 
. 96920] .96910| . 96899 
. 96816] . 96806] . 96795 
. 96712] _. 96702] _. 96691 
. 96608| . 96598] . 96587 
.96505| . 96494] . 96484 
96401] . 96391] . 96380 
. 96298] . 96288] . 96277 
.96195|_. 96185]. 96175 
. 96092|_. 96082| . 96072 
.95990| .95979| . 95969 
. 95888| . 95877] . 95867 
. 95786] .95775| . 95765 

4]. 95684|_. 95674| _. 95663 

", 95582] . 05572| . 95562 
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. 95380| . 95369| . 95359 
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95178] _. 95168|_. 95158) . § 
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94977] .94967| . 94957 
.94877| .94867| . 94857 

.94777| .94767| . 94757 

.94677| _. 94667]. 94657 
.94577| . 94568| . 04558 
.94478| . 94468] . 94459 
. 94379|  . 94369! . 94359 
. 94280] . 94270] . 94261 
94181] . 94171] . 94162 
. 94083| . 94073] . 94064 
. 93985] . 93975] . 93965 
. 93887| .93877| . 93868 
. 93789] . 93779| . 93769 
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Combine change in longitude due to vessels course and speed, with change due to current, take factor from table and multi- 


‘ply it by hour angle obtained from morning observation. For time of transit of star or planet ‘multi ply its hour angle by factor. 
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Weaterly bourly change in longitude. 

M | 2 4 5 6 

0 1. 0001; 1 1.0005; 1.0006) 1.0007) 1 

1 1. 0012) 1 1.0016; 1.0017; 1.0018) 1 

2 1. 0023) 1 1. 0027}; 1.0028] 1.0029) 1 

3 1. 0035} 1 1. 0038} 1.0039} 1.0040; 1 

4 1. 0046) 1 1.0049] 1.0050; 1.0051) 1 

5 1. 0057} 1 1. 0060; 1.0062; 1.0063) 1 

6 1. 0068) 1 1. 1.0074; 1 

7 1. 0079) 1 1. 1.0085; 1 

8 1. 0091| 1 1, 1.0096; 1 

9 1. 0102) 1 1. 1.0108; 1 

10 1. 0113) 1 1: 1.0119) 1 

ll 1. 0125) 1 1. 1.0130) 1 

12 1. 0136) 1 1. 1.0142) 1 

13 1. 0148) 1 1, 1.0154) 1 

14 1. 0159) 1 1, 1.0165; 1 

15 1.0171) 1 1. 1.0177) 1 

16 1. 0182) 1. 1. 1. 0187) 1. 

17 1. 0194) 1. bis 1.0199} 1. 

18 1. 0205) 1. 1, 1.0211] 1. 

19 1. 0217} 1. 1. 1. 0223} 1. 

20 1. 0228} 1. 1. 1. 0234; 1. 
21 1, 1. 1. 1. 0246) 1. 
22 1. 1. 1. 1. 0258) = 1. 
23 1. 1, L 1. 0269) 1. 
24 1. 1. 1, 1.0281] 1. 
25 1. 1. 1, 1. 0293} 1. 
26 1. 1. 1. 1. 0304} 1. 
27 1. 1. 1. 1. 0316; 1. 
28 1, 1, 1. 1. 0328) 1. , 
29 1. 1. 1, 1. 0340} 1. 1. 
30 1. 1. 1. 1. 0352} 1. 1. 
31 1. 1. 1. : 1. 0364; 1. 1. 
32 1. 1. 1. : 1. 0376) 1. 1. 
83 1. 1. 1. ‘ L 0388] 1. 1. 
34 1. 1. 1. : 1.0400} 1. 1. 
35 1. 1. 1. : 1. 0412} 1. 1. 

36 1. 0418) 1 1.0421] 1.0422; 1.0424) 1. 1. 
37 1. 0430} 1. 1. 0433) 1.0435) 1.0436; 1. 1. 

38 1. 0442) L 1. 0446} 1.0447; 1.0448) 1. 1. 

39 1. 0454; 1. 1.0458; 1.0459; 1.0460; 1. 1, 
40 1. 0466; 1. 1.0470) 1.0471} 1.0472} 1. 1. 
41 1. 0478) 1. 1. 0482} 1.0483) 1.0485) 1. 1. 

42 1. 0491} 1. 1.0494; 1.0496) 1.0497) 1. 1. 

43 1. 0503} 1. 1.0507} 1.0508} 1.0509) 1. 1. 

44 1. 0515) 1. 10519) 1.0520) 1.0522) 1. 1. 

45 1. 0528} 1. 1.0531} 1. 0532) 1.0534] 1. Ls 

46 1. 0540) 1. 1.0543) 1.0545) 1.0546) 1. 1, 

47 1. 0552) 1. 1.0556] 1.0557) 1.0558) 1. 1. 

48 1. 0565) 1. 1.0569; 1.0570) 1.0571) 1. 1. 

49 1. 0577) 1. 1. 1.0581} 1.0582; 1.0583] 1. U8 

50 1. 0589} 1. 1. 1.0593} 1.0594; 1.0596; 1. 1. 

61 ‘ 1. 0602) 1 1. 1.0605; 1.0607; 1.0608) 1. I. 

52 : 1. 0614) 1 1. 1.0618} 1.0620) 1.0621) 1. 1. 

53 é 1. 0627} 1. 1. 1.0631; 1.0632) 1.0633) L 1. 

54 : 1. 0639) 1. 1. 1. 0643) 1.0644) 1.0646) 1 1. 

55 ‘ 1. 0652] 1. 1. 1. 0656} 1.0657/ 1.0658) 1 1. 

66 | 1. 1. 0665} 1. 0666} 1. 0667} 1.0668; 1.0670) 1.0671) 1.0672) 1.0674) L 0675 
67 | 1. 1. 0677| 1. 0678; 1.0680} 1.0681| 1.0683) 1.0684) 1.0685) 1. 0686) 1. 0688 
68 | 1. 1. 0690; 1. 0691) 1.0693; 1.0694} 1.0695) 1.0696) 1.0698) 1.0699) 1. 0700 
69 | 1. 1. 0703] 1.0704) 1.0705; 1.0707) 1.0708) 1.0709) 1.0710) 1.0712) 1.0713 
60 | 1. 1. 0716) 1.0717) 1.0718!) 1.0719! 1.0721] 1.0722) 1.0723{ 1.0724] 1. 0726 

Combine change in longitude due to vessel’s course and es with change due to current, take factor from table and 

multiply it by hour angle obtained from morning observation. For W. T. of transit of star or planet, multiply star’s H. A. 
y factor. 
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TABLE 38. 
Sidereal into Mean Solar Time. 
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Mean Solar into Sidereal Time. 
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Corrections To Be Applied to the Observed Altitude of a Star or of the Sun’s Lower 
Limb, To Find the True Altitude. 


Correction for Height 
of Eye. 
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Obeerved rc] * 
Altitude. | Sun’s Corr. |Star’s Corr. Date. 


°e é e e o 
6 30 + 8.2 —7.9 Jan. 1 0 0. 0 
6 40 8. 4 7.7 1 ‘| —1.0 
6 50 8. 6 7.6 18 2 1.4 
7 0 8. 7 7.4 3 1.7 
7 10 8.9 7. 2 Feb. 1 4 2. 0 
7 20 + 9.0 —7.1 15 5 —2.2 
7 30 9. 2 7.0 6 2. 4 
7 40 9.3 6.8 Mar. 1 7 2. 6 
7 50 9. 5 6. 7 8 2.8 
8 0O 9. 6 6. 6 15 9 2. 9 
8 10 + 9.7 —6. 4 Apr. 1 10 —3 1 
8 20 9. 8 6.3 11 3. 2 
8 30 10. 0 6. 2 15 12 3.4 
8 40 10. 1 6.1 13 3.5 
8 50 10. 2 6. 0 May 1 14 3. 7 
9 0 +10. 3 —5.9 15 15 —3.8 
9 20 10. 5 §. 7 16 3.9 
9 40 10. 6 §. 5 June 1 17 4.0 
10 0 10.8 5.3 18 4.1 
10 20 1L0 52 15 19 4.3 
10 40 +11.2 —5.0 July 1 20 —4,4 
11 0 11.8 4.9 21 4.5 
11 30 11.5 47 15 22 4.6 
12 0 11. 7 4.5 23 4.7 
12 30 11.9 4.3 Aug. 1 24 4.8 
138 O +12.0 —4,1 15 25 —4.9 
13 30 12. 2 4.0 26 5.0 
14 0 12.3 3.8 Sept. 1 27 §.1 
15 0O 12. 6 3. 6 28 5. 2 
16 0 12. 8 3. 4 15 29 5.3 
17 O +13. 0 —3.2 Oct. 1 30 —5. 4 
18 0 13. 2 3. 0 81 6.4 
19 O 13.3 2.8 15 82 5. 5 
20 O 13. 5 2. 6 383 5. 6 
22 0 13. 7 2.4 Nov. 1 84 5.7 
24 0 +140 —2.2 15 35 —5.8 
26 0 141 2.0 87 6. 0 
28 0 143 1.8 Dec. 1 39 6.1 
30 0 14. 4 17 41 - 63 
32 0 14. 6 1 6 15 43 6. 4 
34 0 +147 —1.4 31 45 —6. 6 
36 0 148 1.3 47 6. 7 
38 0 149 1.3 49 6.9 
40 0 15. 0 1.2 51 7.0 
45 0 15. 1 1.0 53 71 

? 
Zo In case the sun’s upper a 
He : + 1 4 ; limb is observed, then twice a2 is : 
60 0 1 5 5 0. 6 the semidiameter obtained 65 7 9 
65 0 15.6 0.5 from the nautical almanac 70 g 9 
70 0 15.7 0.4 is subtracted from the 75 R 5 
: oe se pace ane 
= gives the sextant altitude ~ 

te : ay : . : of the lower limb, then the a " . 
85 0 15.9 —0.1 corrections are obtained 90 9.3 
90 0 + 16.0 0. 0 from the above table in the 95 9. 6 
7 usual way. 100 —9, 8 
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TABLE 41. 
Correction to the Observed Altitude of the Moon. 
FOR REFRACTION, PARALLAX, AND SEMIDIAMETER. 
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Page 386] | TABLE 42. 


For Conversion of Arc and Time. 


0 0} 120; 8 0 0 
4 41121; 8 4 4 
8 8] 122; 8 8 8 
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28 28] 127; 8 28 28 
32 32] 128) 8 32 32 
36 36) 129) 8 36 36 
40 40} 130; 8 40 40 
44 441 131] 8 44 44 
48 48] 132) 8 48 48 
52 52] 133) 8 52 52 
56 56] 134| 8 56 56 
0 0] 135; 9 O 0 
4 4; 136) 9 4 4 
8 8| 137; 9 8 8 
12 12] 138) 9 12 12 
16 16] 139; 9 16 16 
20 20] 140) 9 20 20 
24 24] 141) 9 24 24 
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40 40] 145) 9 40 
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TABLE 43. [Page 387 
For conversion of Local civil time to Greenwich civil time 
Long. 
W.| 180° | 165° | 150° | 135° | 120° | 105° | 90° | 75° | 60° | 45° | 30° | 15° 0° 
L.C.T. 
G.C.T.|G.C.T.\|G.C.T.\G.C.T.|\G.C.T.|G.C.T. |G.C.T.\|G.C.T. |G.C.T.|G.C.T. |G.C.T.|G.C.T. G.C.T. 
00 00 | 12 00/11 00/10 00/09 00,08 00/07 00/06 00/05 00/04 00:03 0002 00/01 00; 00 00 
01 00 | 13 00/12 00/11 00)10 00/09 00,08 00/07 00|06 00/05 00/04 00/03 00\02 00] 01 00 
02 00 | 14 00/13 00/12 00/11 00/10 00/09 00'08 00/07 00/06 00/05 00/04 00,03 00] 02 00 
03 00 | 15 00/14 00/13 00/12 00/11 00/10 00/09 00/08 00/07 00/06 00/05 00/04 00} 03 00 
04 00 |16 00/15 00/14 00/13 00/12 00/11 00!10 00/09 00/08 00/07 00/06 00/05 00| 04 00 
05 00 |17 00:16 00/15 00,14 00/13 00/12 00)11 00/10 00/09 00/08 00/07 00/06 00| 05 00 
06 00 | 18 00|17 00/16 00'15 00/14 00/13 00/12 00/11 00/10 00/09 00,08 00/07 00} 06 00 
07 00 | 19 00/18 00)17 00:16 00|15 00]14 00/13 00|12 00)11 00)10 00/09 00/08 00} 07 00 
08 00 | 20 00|19 00,18 00,17 00/16 00,15 00]14 00/13 00)12 0011 00/10 00/09 00} 08 00 
09 00 | 21 00/20 00)19 00)18 00/17 00,16 00/15 00}14 00/13 0012 00)11 0010 00} 09 00 
10 00 | 22 00/21 00,20 00/19 00/18 00/17 00.16 00)15 00,14 00{13 00}12 00/11 00] 10 00 
11 00 | 23 00/22 00/21 00/20 00/19 00/18 00/17 00/16 00/15 00/14 00/13 00/12 00] 11 00 
12 00 | 24 00/23 00/22 00/21 00|20 00,19 00:18 00;17 00/16 00/15 00/14 00/13 OO] 12 00 
13 00 |01 00'24 00\23 00/22 00)21 00)20 00/19 00/18 00/17 00/16 00/15 00114 00] 13 00 
14 00 | 02 00\07 00'24 00/23 00/22 00:21 00/20 00/19 00/18 00/17 00/16 00/15 00| 14 00 
15 00 | 03 0002 00,01 00\24 00/23 00/22 00)21 00/20 00/19 00/18 00/17 00/16 00} 15 00 
16 00 | 04 00:03 0002 00,01 00\24 00/23 00/22 00/21 00/20 00/19 00)18 00/17 00; 16 00 
17 00 | 05 0004 00/08 0002 00.01 00124 00/23 00/22 00'21 00/20 00/19 00/18 00] 17 00 
18 00 | 06 00/05 00:04 00,08 ooloe 00'OT 00\24 00|23 00,22 00/21 00/20 00j19 00} 18 00 
19 00 | 07 00106 00105 00:04 00.08 00,02 OO'OT 00|24 00 23 00/22 00/21 00/20 00; 19.00 
20 00 | 08 00,07 00\06 00|05 00\04 00103 ooj02 O0}01 00:24 00123 00/22 00/21 00} 20 00 
21 00 | 09 00:08 0007 00|06 00,05 0004 00,08 00,02 OG.01 00\24 00.23 00/22 00| 21 00 
22 00 | 10 00,09 00/08 00\07 00,06 00,05 00/04 00.08 00,02 OO|OT 00\24 00/23 00| 22 00 
23 00 | 11 00|10 00109 00\08 00|07 00.06 00,05 00:04 00,08 OO!02 00,01 00:24 00| 23 00 
24 00 | 12 00|11 00\10 00,09 00,08 00:07 00.06 00.06 00,04 00\08 OO0\02 0001 00| 24 00 
Zone_-| +12| +11 +10 +9, +8] +7| +6 +5] +4] +3) +2] +1 0 
When G. C. T. is found in italic type, the Greenwich date fs one day ahead of the local date in west longitude 
Long. 
0° 15° | 30° | 45° | 60° | 75° | 90° | 105° | 120° | 135° | 150° | 165° | 180° ae 
G.C.T. G.C.T.\G4.C.T.|G6.C.7.'G6.C.T.|G.C.T.| G.C.T.|G.C.T.'G6.C.T. |G.C.T.| G.C.T.\G.C.7T\G.C.T. 
00 00 | 28 00.22 00.21 00\20 00'19 O0\18 OO|17 00.16 OO\16 OO\14 0018 00112 O 00 00 
01 00 |24 00/23 00\22 00:21 00120 00\19 00|18 O0|17 00'16 00\15 OO|14 O0|13 OO] 01 00 
02 00 |01 00'34 00l23 o0'22 00:21 00|20 00|19 00|18 00,17 00/16 00\15 00|14 00} 02 00 
03 00 | 02 00/01 00/24 oul23 00\28 00\21 00,20 O0|19 00\18 O0|\17 00\16'00|\16 00| 03 00 
04 00 |03 00/02 00101 00124 00'23 00122 O21 O0|\20 CO|19 Ool18 00,17 0016 00| 04 00 
05 00 |04 00/03 00/02 00/01 00/24 00/23 00|22 00'21 0020 O0|19 00\18 00\17 00| 05 00 
06 00 | 05 00/04 00/03 00.02 00/01 00.24 0023 00|22 00121 00!20 00\19 00:18 00| 06 00 
07 00 | 06 00/05 00/04 00,03 00:02 00/01 00/24 00123 00/22 00/21 00120 OO|19 00| 07 00 
08 00 |07 00:06 00105 00'04 00/03 00/02 00101 00/34°00.23 oolz2 ool21 co!20 oo| 08 00 
09 00 | 08 00/07 00/06 00/05 00/04 00/03 00/02 00/01 00/34 00/23 O0!22 O0\21 00} 09 00 
10 00 | 09 00108 00/07 00,06 00:05 00!04 00103 00/02 00'01 00/24 00/23 00'22 00; 10 00 
11 00 | 10 00'09 00/08 00:07 00,06 00/05 00/04 00/03 00\02 00/01 00/24 00'23 Go| 11 00 
12 00 | 11 00/10 00/09 00,08 00/07 00)06 00,05 00/04 00/03 00/02 00/01 00!24 00; 12 00 
13 00 | 12 OO}11 00/10 00/09 00'08 00107 00,06 00/05 00'04 00/03 00/02 00/01 00| 13 00 
14 00 | 13 00/12 00/11 00:10 00,09 00/08 00)07 00/06 00,05 00/04 00/03 ooloz 00} 14 00 
15 00 | 14 00/13 00:12 00111 00/10 00:09 00,08 00/07 00,06 00/05 00/04 00,03 00; 15 00 
16 00 | 15 00}14 00/13 00,12 00/11 00:10 00,09 00/08 0007 00/06 00/05 00,04 00; 16 00 
17 00 116 00/15 00/14 00/13 00/12 00,11 00,10 00,09 00,08 00/07 00\06 00,05 00] 17 00. 
18 00 | 17 00/16 00/15 00'14 00/13 00,12 00,11 00/10 00,09 00,08 0007 00,06 00} 18 00 
19 00 | 18 00/17 00'16 0015 00114 00/13 0012 00/11 00!10 00,09 0008 00/07 00; 19 00 
20 00 | 19 00/18 00/17 00:16 00:15 0014 00/13 00/12 00/11 00/10 00,09 00:08 00} 20 00 
21 00 | 20 00/19 00/18 00:17 00116 00/15 00/14 00!13 00/12 00/11 00/10 00/09 00/ 21 00 
22 00 | 21 00.20 00/19 0018 00.17 00,16 00:15 00/14 00'13 00)12 00/11 00/10 00) 22 00 
23 00 | 22 00/21 00/20 00:19 00/18 00)17 00/16 00)15 00/14 00/13 00/12 00\11 00) 23 00 
24 00 | 23 00/22 00'21 00.20 00:19 00:18 00117 00/16 00)15 00:14 00/13 00;12 00} 24 00 
0 ~i| —2| —s| —4| —s|/ —6| —7| —s| —9| —10| —11/ —12| Zone 


When G. OC. T. is found in italic type, the Greenwich date is one day before the local date in east longitude 
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